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Thb object of these Volames is to condact the Sta- 
dent through a scientific course^ in a safe and easj 
mean between the two extremes of tnrgid brevity 
on the one hand, and verbose digression on the 
other. And to acconiplidi thi&' desirable end^ a 
&election%lias been made of those branches of scien- 
tific knowledge, which presented the greatest va> 
riety of instructive facts^ and popular experiments< 
But to blend amusement with instruction the fine 
arts have been resorted to, and the whole range of 
manufactures which have received improvements 
from modem discoveries in chemical science^ has 
been ransacked to present to JLhe reader whatever 
was curious and deserving attention. By the ex- 
clusion of irrelevant matter, the Author has been 
enabled to dwell more at length on subjects of 
greater interest, and to introduce, many articles 
that have never been offered to youth in a popular 
and inviting form, as also of incorporating' with 
the explanatory matter, such historical facts and 
anecdotes connected with the text as seemed most 
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^i PREFACE. 

conducive to the reader's information and instruc* 
tion. Yet new principles and new subjects of in- 
vestigation are not to be looked for in a work which 
professes only to detail the discoveries and improve- 
ments of preceding writers, of machinists, of arti- 
ficers, and manufaetArerg. For it b certainly more 
worthy the time and laboar of youth to gain some 
knowledge of those arts and sciences with which 
they may become acquainted with a view to after 
life, than to harass them with exploded theories^ 
and researches' merely speculative. Guided by 
thQ90 views in the selection <^.his materials^ the 
Author wa3 enabled to give more latitude to his ar- 
rangeipei^ts 9ttd classifications of the excellent models 
he had before him ; and in n^ instance is he aware 
of halving i^tJ?od^ced any novelties at tb« risk of 
simplic^ity or the expen$e of troth : perspioaity and 
con/ci8e9k«s« bdng as es^i^ial h variet; of matter 
or ^ocuracy of Ulu^tratioo. 

Mor^ver, it has been hi^i intention to rendigr 
these volumes a source of useful and active enter- 
tainpi^t to young persons, and at the same time 
that th^ opened their minds to enlarged views of 
natQre and the universe, the true methods of rea- 
sotting in philosophy, and upon the powers of mati;. 
m^ght be pointed out( thereby teaching them to 
distinguish what is sound a^d solid from what is 
hoUow and vain ; to lead youth on the verge oif mali- 
hood from a consideration of the works of G<Jd to 
acknowledge and reverence his power, wisdom; and 



PREFACE. VU 

The Author's aim has been, in the compilation of 
these yolnmesy to present to ingenious youth the 
most nsefal rbgrbations in the Arts and Sci* 
BNCB8. This idea suggests at once that his '' Uni« 
ybrsai. Science/' ought to be considered as a 
PRESENTATION BOOK for youth who are somewhat 
advanced in their studies ; and which may be advan- 
tageously put into their hands while finishing fheir 
education, or given away as a prize at school, or a 
Christmas present. In this light it may be conceived 
as adapted to either sex. Nor should its applicability 
be overlooked, to refresh the memory or instruct the 
mind of adults, who may have partially, or at an 
earlier period, studied the subjects of which it treats. 

Conscious that his intentions have been sincere, 
and his motives pure, to advance science, to pro- 
mote truth, happiness, order, and peace, the Aur 
thor trusts to receive the approbation of those he 
has attempted to instruct, and the indulgence of 
those who are better judges than himself of Philo- 
sophy, Science, and the Arts. 
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CHAPTER I. 

GEOLOGY*. 
SECTION I. 

INTRODUCTION* 



Geology, (or Geognosy, as the Wernerian Mi- 
neralogists term this science) is the doctrine of the 
earth in its insentient or unorganized frame ; and 
consequently comprehends its subteri'anean, super* 
ficial, and geological phenomena* 

Ohs. Of a portion of two of thede parts we shall treat in 
tfae subsequent chapters i wbat we shall now investigate is 
pvrety geological. 

Our object in this chapter, as every where else in this work, 
will be to present facts, to account for phenomena where the 
causes can be traced by induction, and where our want of 
information leaves room to doubt, there to< stop ; and with 
such evidence or data as we can famish, leave the reader to 
form his own judgment. This appears a more natural and 
philosophical method of pursuing scientific studies, than the 
invention of theories, and the crudity of speculations, the 
bare annoulicement of facts, and the bhUrlish, pride of dis- 
daining to give an opinion on those facts. 

In this view, therefore, the division of our sub- 
ject being made, . the first chapter shall be as brief 
as its nature will admit, but the second shall contain 
all the information that has novelty to recommend 
it to the reader ; nor will any fear of prolixity hin- 
der us from exhibiting the most ample display of the 
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2 \ Geology. 

phenomena of nature, which the science of Geology 
presents. Instruction will thus be blended with 
amusement, and the acquisition of scientific know- 
ledge be rendered a pastime, not a tai^k^ 

SECTION II. 

ROORS AN© VEIHB. ' 

1. The stony masses of which the earth is com- 
posed, are numerous, and are found laid one above 
another ; so that a rock of one kind of stone is co- 
vered by another species of rock, and this by a third, 
and so on. In this superposition of rocks, it has 
been observed, that their situation is by no means 
arbitrai;y; each occupies a determinate place, so 
that they foUow one another in regular order from 
the deepest part of the earth's crast which has been 
examined, to the very surface. 

Thus there are two things respeetnig rooks which claim 
our attentioin ; nabiely, their composUion, and their relative 
situation. But besides the rocks which constitute almost the 
whole of the earth's crust, there are masses to be considered 
traversing the rocks in a different direction, and known by 
the name of veins, as if the rocks had split asunder in dif- 
ferent places from top to bottom, and the chasm had been 
afterwards filled up with the matter which constitutes the 
vein. 

^hus it appears, that the subject naturally divides 
itself into three parts ; 1. The structure of rocks ; 
2. The situation of rocks ; 3. Veins ; and these 
shall form the subject of the three following sec* 
tions. 
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SECTION III. 

OF THE STRUCTURE OF ROCKS. 

2. Rocks.may be divided into two classes; viz. 
I. Simple^ or composed of one mineral substance. 



Of the Siruoiure of Rocks. 8 

II. Compomid, or, cowg^oted of more titm one 
mineral eubstance. 

L Cemented; composed of grains agglutinated by a^oe** 
menty as Miid-«fime. 

II. Aggregated ; composed of parts connected together 
without a cement, asgrontle. 

The aggregated rocks are likewise of two kinds ; 
namely^ 

I. Indeterminate. 

Only one instance of this kind of aggregation has 
hitherto occurred, namely, in the oUer ferpeniine^ 
where Iime*stone and serpentine are so conjoined, 
that it is difficult to say whidi predominates. 

II. Determioate. 

The determinate ariB either, I.Siagle aggregated; 
or, II. Double aggregated. 

There are four kinds of single aggregated rocks ; 
namely, 

1. Granular ; composed of grains whose length, treadtb^ 
and thickness are nearly sAike, and which are of contempo^ 
raneons formation. Asgramte, sienite, 

2. Slaty ; composed of plates laid above each other ; as 

3. Forphyrrtic ; composed of a compact ground, eontaioing 
in it crystals, which appear to haye been deposited at the 
time the rock was formed ; as tomnton parph/ry. 

4. Amygdalofdal ; composed of a compact ground, com 
taining in it Tesicka which appear to have been afterwards 
filled up ; as amygdaloid. 

There are five kinds of donble aggregated rocks ; 
namely, 

1. Granulat slaty : composed of slaty masses l^d oa each 
' other. Every individual slate is composed of grains cohering 

together; or it is slaty in the great, and granular in the 
small; asgn^M. 

2. Slaty granular ; composed of large granular masses co- 
hering together; each grain is composed of plates ; or the 
rock is granular in the great, and slaty in the small ; as topaz 

3. Granular i)orphyritic ; granular in the small, and por** 
phyritic in the great; as granite, green-^tcne frequently. ^ 
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4. Slaty porphyritic ; slatyiniheHiiially porphyriUo*i]i tbo 
great ; as mica slate frequently. 

5. Porphyritic and amygdaloidal ; a mass porpbyritio and 
amygdaloidal at the same time; as amygdaloid and hataU 
frequently. 



SECTION IV. 

OF THE RELATIVE SITUATION OF ROClCS. 

^. The rocky masses^ amount to about sixty. Of 
these focks,^ variously placed over each other, the 
whole crust of the earth is composed, and with re- 
spect to each other, they usually occupy a deter- 
mittate situation, which holds invariably in every 
part of the eartii. Thus lime-stone is no where 
found under granite^ but always above it. 

Were we to suppose every particular rock, or layer, which 
constitutes a part of the earth *s surface to he extended round 
the whole earth, like the coat of an onion, in that case every 
rock would be constantly found ; one species would be al- 
ways lowest or nearest the centre ; another would uniformly x 
rest upon this first \ a third upon the second, and so on* 
Now, though the rocks do not in reality extend round the 
earth in this qnintenrupted manner, we can trace enough to 
convince us that the rocks which constitute the earth's crust, 
considered in a great scale, are every where the same, and 
that they invariably occupy the same situation with respect 
to each other. Werner has therefore chosen this relative si- 
tuation as the basis of his classification of rocks^ He divides 
them into five classes. 

The first class consists of tho^e rooks which, if we w^re 
to suppose each layer to be extended over the whole earth, 
would in that case lie lowest, or nearest the centre of all 
the rocks which we know to be covered by all the other 
rocks. 

The second class consists of those rocks which in that case 
would be immediately above the first class and cover them. 

The third class would cover the second in the same man*^ 
ner ; the fourth the tliird ; and the fifth would be uppermost 
of aJl, and constitute the immediate surface of the earth. 
The first class of rocks are covered by all the rest, but never 
themselves lie over any other. The others lie in order over 
each other. 
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These grand classes of rocks he has denominated 
formations, and distinguished them by the following 
speciticn ames : 

I. Primitive formations; 
II. Transition formations. 

III. Floetz> or horizontal formations* 

IV. Allavial formations. 
V. Volcanic formations. 

The primitive formations are the Ipwest of all, and the al- 
layial constitute the surface of the earth ; for the volcanic 
are confined to particular points. Not that the primitive are 
always at a great depth, for very often they ave at the snr* 
face, or even, constitute mountains. .. In such cases, the other 
formations are ws^nting altogether. In like manner the tran* 
sition, and other classes, may each in its turn occupy the 
surface, or constitute the mass of a mountain; In such 
cases, all the subsequent formatipns are wanting in that par- 
ticular spot. 

Each of these grand classes of formations consists of a 

great or ^mall number of rocks, which occupy a determinate 

position with respect to each other, and which, Hke the great 

' formations themselves, may often be wanting in particular 

places. 

4. Class I. Primitive Formations. The rocks 
which constitute the primitive formations are nu- 
merous, and have been divided into seven sets, 
which constitute as many primitive formations. 
They are distinguished each by the name of that 
particular rock which constitutes the greatest pro- 
portion of the formation. And these seven sets of 
primitive formation^; are the following: 

1. Granite 1 5. Newest primitive per- 

3. Gneiss < phyry 

3. Mica-slate C 6. Sienite 

4. Clay-slate 7. Newer serpentine. 

The granite is the undermost, the sienite the uppermost 
of tiie primitive formations. Granite is scarcely mixed with 
any other rock; bat in gneiss, mlca-sIate, and clay-slate, 
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HMre eoeor beds* of old povpliyry, pnoiidve trap, primitive 
lime-fltotte, old serpentine, quarts rook. For thM, reason 
these rocks are said to constitnte formatioDs subordinate to 
gneiss, mica-slate, and clay-slate. Gypsum occurs in beds 
in mica-slate, and old flint^slate occurs in the same way in 
clay-slate. Hence they constitute formations subordinate to 
mica and day-slate. 

Thus, besides the seven principal primitive formations^ 
there occur seven subordinate lormations, interspersed 
through the second, third, and fourth formations; and topaz 
rock, which lies over gneiss and under clay-slate, must be 
added to the list : so that the prinHtive formations altogether 
amount to fifteen. 

If vre «nppose the nucleus of the earth to have 
been first formed, and the formations to have been 
afterwards successively deposited upon this nncleus, 
ibe lowest formation is the oldest, and then the for* 
matioiis are newer and newer according as they rise 
xto the surface. 

This supposition accounts for some of the names given to 
the primitive formations. That porphyry, for example, is 
considered as the oldest, whidi lies lowest in the series, and 
those formations of porphyry which rise nearer the surface 
are newer. Granite is, therefore, the oldest, while the allu* 
vial are th^ newest formations. 

5. Class II. Tramitwn Formations. TBese lie 
immediately over the primitive formations. They 
are by no means so nnmeroua as the first, since 
they consist only of four sets ; namely, 

1. Grey wacke. 

2. Transition lime-stone. 
8. Transition trap. 

4. Transition flint-slate. 

They all alternate with each other, sometimes one, some- 
times another being undermost, except oae bed of transi- 
tion lime-stone, which seems to rest upon the primitive form- 
ations, and may be considered as the oldest of the transition 
formations. 



* When a mountain is o6mpoted of layers of the same 
kind of stone, it is said to be stratified; but when the layers 
are of different kinds of stone, it is said to be composed of 
beds. 
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It is in the traaatioii roclw tkat petrifaoUotts first 
make their ftppeamnce^ and they alwayi canfiisl of 
species of corals and zoophytes, which do not at 
present exist, and which therefore we may suppose 
extinct. ITie vegetable petrifaotions are likewise 
the lowest in that kingdom, such as ferns, &c. 

This remarkable cucumstanee has iodiioed Wemcf to con- 
clude, tfeat the transition rocks were formed after tbe earth 
contained organic beings. 

Hence the narae transition, whicli be bas imposed, as it 
tbcy had been formed when the eartt was passitil^ from aa 
BBinhabited to aa inkiibHed statew The date <tf their forHK 
adon is conceived to he very reaMite, since the petHfiictiona 
which they contain arc the remaina of animal and vegetable 
species now extinct. It is in tbe transition rocks, too, that 
carbonaceous matter makes Its first appearance in any as- 
ffigtiablc quantity. 

6. Class 111. Ftoetz Formations. The next 
grand class of formations has received the name of 
fioetz, because they lie usually in beds nmch more 
nearly horizontal than the preceding. 

Wben not covered by a saceeedhl^g fonnatian, tbey torn 
btfls which do not rise to the same he&ght as the primitive 
or transitloa. I'hey contain petrifitctfons more various in 
their nature than those which* occur in the transition forai- 
ations, and consist of shells, fish, plants, 9bc. indicating 
that they were formed at a peilod when orgaAlBed beings 
abounded. 

The floets formations lie iniDiediately ovaf the 
transition. They comprehend a great number of 
individual formation^, each of which affects a par- 
ticular situation. The following table exhibits a 
view of these different formations in the order of 
tbeir position, as far as is known. 

1. Old red sand-stone 4. Variegated sand-stone 

2. First floetz iime-stone 5. Second floetz gypsum 

3. First floetz gypsum 6, Second floetz or shell 

with rock-salt lime-stone 
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7. Third sand-stone or 8. Chalk 
free-stone 9. Independent coal 

10. Floetz trftp. 

The floetz trap formatloii lies over the rest, pretty macb as 
the newer porphyry and sienite do over the older primitive 
formations. 

Class iV. Allumal Formations. The alluvial 
formations constitute the great mass of what is ac- 
tually the eartb*s surface. They have been formed 
by the gradual action of rain and river water upon 
the other formations, and may be considered as very 
recent formations, or rather as deposites, the form- 
ation of which is still constantly going on. -They 
may be divided into two kinds : those deposited in 
the valleys of mountainous districts, or upon the 
elevated plains which often occur in mountains ; and 
those deposited upon flat land. 

The first kind consist of sand, g^vel, &c. which consti- 
tuted the more solid parts of the neighbonring mountains, 
and which remained when the less solid parts were washed 
away. They sometimes contain ores (particnlarly gold and 
tin) which existed in. the neighbouring mountains. Some- 
times the alluvial soil is washed, in order to separate these 
ores« On moontain-^plains beds of loam are found. 

The second kind of alluvial deposit, or that which occu- 
pies the flat land, consists of loam, clay, sand, turf, and 
calctuff*. Here also occur earth and brown coal (in this 
mineral amber is found), wood coal, bituminous wood, and 
bog iron-ore. The sand contains some metals, among others 
gold. The ca]oto4ris a chemical deposit and extends widely. 
It contains plants, roots, moss, bones, &c. whidi it has en- 
crusted. The clay and sand often contain petrified wood, 
and likewise skeletons of quadruped s« 

Class V. Volcanic Formations. The volcanic 
formations are of two kinds ; namely, the pseudo^ 
volcanic and the true volcanic. 

The pseudo-volcanic consist of minerals altered 
in conse(][uence of the burning of beds of coal si- 



* Stalactic or calcareous tufa. 
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tdated in ifheir neighboarhood. Porcelain jasper, 
earth slag, burnt clay, colamnar clay-iron-stone, and 
perhaps also polishing slate, are the minerals which 
have been thns altered. 

The real volcanic minerals are those which have 
been thrown out of the crater of a volcano. They 
are of three kinds : 

1. Those sabstances which, having been thrown out from 
time to time, have formed the crater of the mountain. 

2. Those wfiicb have been thrown out of the crater in a 
stream, and rolled down the mountain ; they constitute lavas. 

3. The water which is occasionally thrown out of volca- 
noes, containing ashes and other light substances gradually 
evaporating, leaves the earthy matter behind it ; this sub-> 
stance constitutes volcanic tuff. 



SECTION V. 

OF VEINS. 

7. Veins are mineral repositories which cut 
through the strata of which a mountain is coni- 
posed, and which are filled with substances different 
from the rocks tiirough which they pass. If we 
suppose that the mountains in which veins occur 
were split by some means or other, and that the 
rifts thus formed were filled up by the matter which., 
constitutes veins, we shall have a clear notion of 
these mineral repositories, and which are distinguish - 
ed from beds by their direction, it being either per- 
pendicular to the stratifications, or at least in an 
angle with it. 

Sometimes the strata through which veins pass are merely 
separated from each other ; so that if we cut through the vein 
we -find the same strata of the rock on both sides of it: but 
sometimes also the corresponding strata on one side are 
lower than on the other, as if the portion of the rock on one 
9ide of the vein had sunk a little, while the portion on the 
other side kept its original position. In sueh cases, the side 
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of UMtodt ag^aiMt which the vein leant, or tile floor of the 
veia^ has always its rtrata highest op; whiUt the strata of the 
portion of rock whioh leans oyer the Yeins» or the roof of the 
vein, are always lowest. So that this is the portion which 
appears to have sunk. Such a chan^ of position in the 
strata is known In this cbiintry hy the name of a $hifi. 

In considering veins, there are two circumstances 
which claim our attention : namely, Xat. The shape 
of veins ; and, 2<%. The substances with which they 
are filled. 

1. All those mineralogists who have liad the best 
opportunity of examining the shape of veins with 
correctness, represent them as widest above, and 
diminishing in size as they deepen, till at last they 
terminate in a point, as if they had been originally 
fissures. 

Sometimes indeed, veins widen in different parts of their 
course, and afterwards contract again to their former size ; 
hot more commonly they continue diminishing to their ex 
tremity. 

2. Sometimes these veins are either partially or 
entirely empty. In that case they are denominated 
Jlssures ; but most commonly they are filled with a 
matter more or less different from the rock through 
which they pasa. Sometimes the vein is filled up 
with one species of knineral. 

Thus we have veins of oakareons spar, of <|«arti^ &c.; bat 
when a vein is of any size, we usually meet with a variety of 
substances : these are disposed in regular layers always pa^ 
rallel to tbe sides of the vein, and they follow in their posi- 
tion a very regular order. One species of mineral consti- 
tutes the centre of the vein : on eaeh side of this central bed 
the same layers occur in the same order from the centre 
to the side of the vein. To give an example ; the vein Gre- 
gorios/ at Freyberg, is composed of nine layers or beds. The 
middle of the vein consists of a layer of calcareous spar ; on 
^ach side of this is a layer consisting of various ores of silver 
mixed together; on each side of this a layer of brown spar; 
oa each side of this a layer of galena ; on each side of this 
again, and contiguous to the side of the vein, is a layer of 
quartz. 
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The fcJhywiag dkgram will give tlie Tesder S€«ie 
notion of tbe felMive position of tfaeso laydr* ; 
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Someliittes the namber Of layers of which a vein is com* 
posed ^eatly exceeds this. Werner desoribes one in the 
district of Freyberg, in which the middle layer is calcareous 
spar, harmg on eibch ride of it no less than thirteen layers 
arranged ia Ae V9tf saine order* ^ 

Almoist all the mineral Mbstimoos wbicb occar in 
the mass of rocks. har^ been fottiid in reins. We 
sometttnes find them filed with difbrent well known 
stoney bodies, as, granite^ porphyry, hme^tlxme, 
basalt, wacke, green-stone^ &c. ; reiiift of qnartz^ 
clay, felspar, &c. are* equally common. 

Fit-coal and common salt^ and almost dl the me- 
tab, likewise occur in veins. Some veins are filled 
with water- worn pebbles, others with loam ; some-^ 
^times with petrifeetiona. 

In a calcareous mountain in Thuringia, there occur veins 
of marJe five or six inches thick, containing petrifactiokis dif- 
fering altogether from those which are found in the lime- 
stone. The petrifactions found in the marie are, comua am- 
monis, terebrates, and turbinites; those in the lime-stone rock 
arc trochites. Beds of the marie occur in the neighbourhood, 
and contain the same petrifactions as the veins. 

It is common to find veins crosaing each other 
in the same rock. Whffn that happens, one <^ the 
- veins may be traced passing through the other with- 
out any interruption, and cutting in two, while the 
other always separates, imd disappears at the point 
of crossing. 

Conclusion. — Such is a short sketch of the most 
, remarkable phenoiinena respecting veins. Werner 
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supposes that tl^ey were originally fissures formed 
in the rocks, and that they were all gradually filled 
by minerals deposited slowly from above^ while the 
rocks in which they occur were covered by water^ 
and that they were filled at the same time that the 
different formations were deposited. 

This theory he has supported in his book on Yeins^ hj a 
very complete enumeration of all the circumstances respect- 
ing their structure and appearances. He has shown that 
ihey resemble fissures very exactly in their shape and direc* 
tion; and that as -they contain petrifactions and minerals 
altered by the action of watej-^ they must of necessity have 
been fiUea from above. 

Veins of course^ according to this theory, are 
newer than the rqeks in which they occur; and 
when two veins cross, that is obviously the newest 
which traverses the other without interraption, as 
the fissures constituting the second vein must have 
been< formed after the first vein was filled up. 

When different veins contain the same minerals arranged 
in the same order^ he conceives that they were filled at the 
same time, and says that such veins belong to the same forma- 
tion. When they differ in these respects, ihey belong to 
different formations. From the position of the respective 
veins witb respect to each other, he deduces their relative 
age ; qnd from this draws inferences respecting the relative 
age of the different mineral substances that occur in veins 
similar to the inferences drawn respecting the age of the 
rocks which constitute the grand classes of formations. 

0&^. The science of geology, independentl^rofthe healthy 
employment it affords, is of great importance in a practical 
point oNiew. It very nearly concerns the miner, engineer, and 
drainer, and even the farmer and architect ; and discloses a 
Variety of indications highly useful in their respective par^- 
snits : to the miner, th» rocka containing metallic veins and 
coals ; to the en^neer, the association of hard rocks with 
soft ; to the drainer, the intersection of a country by hard 
dykes, or veins impermeable to water ; to the farmer, the 
best places for finding lime-stone, marie, and clay ; and to the 
architect, the most durable stones for buildings. 



I 



Geological Phenomena. 13 



CHAPTER n. 

GEOLOGICAL PHBNOMBNA 



SECTION !• 

VOLCANOES AND EARTHQUAKES. 

8. Among the varied geological phenomena that 
we shall enumerate^ volcanoes, and earthquakes 
claim the first place, for certainly there is no spec- 
tacle grander than an active volcano, and nothing 
more terrific than the shock of an earthquake ; but 
when it is recollected that the agent chiefly em« 
ployed jn the production of either is subterranean 
fire, pent up by a huge mass of super-jncumbent 
pressure, but powerful enough^ uncbr certain cir- 
cumstances, to force its way through the solid crust 
of the globe, and enlighten it from the summit of a 
mountain, or make it reel to its centre by the thunder 
of an earthquake, the examination of the causes of 
these surprising phenomeua, and their ilIu;stration 
by the relation of some facts cani:u)t be uninterest^ 
ing or uninstructive. 

But though earthquakes and volcanoes may be 
results of chemical changes going on in the earth, 
their causes, have probably some connexion with elec- 
tricity, else why is the shock of an earthquake trans- 
mitted from place to place ? For though we attribute 
the rapid' succession of the effects to the operation of 
a single cause, acting like subterranean heat,, at a 
great distanco below the earth's surface ; there are, 
however, some circumstances which indicate such a 
connexion between the state of the atmospheie and 
the approach of an earthquake, as cannot easily b& 
explained by any hypothesis. 
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The shocks of earthquakes, and the eruptions of 
volcanoes, are in all probability modifications of the 
effects of one common canse; the same coantries 
are liable to both of them ; and whete the agitation 
produced by an earthquake extends further than 
there is any reason to suspect a subterraneous com- 
motion, it is probably propagated through the earth 
nearly in the same manner as a noise is conveyed 
through the air. 

Yolcanoes are found in almost all parts of the world, but 
most commonly in the neighbonrbood of the sea ; and espe- 
cially in small islands ; for instance, in Italy, Sieily, Iceluid, 
Japan, the Caribbees, the Cape Yerd islands, the Canaries, 
and the Azores : there are also numerous volcanoes in Hexico 
and Pern, especially Plcbincha and Cotopaxi. The subtet^* 
raneous Hres, which are continual ly kept up in an bpefl vol- 
cano, depend perha|w, in general, ou salphnreous eojnbina* 
tions and decompositions, like the heating of a lieap of wet 
pyrites, or the union of sulphur and iron filings : but in other 
cases they may perhaps approach more nearly to the nature 
of common fires. A mountain of coal has been burning in 
Siberia for almost a century, and nrast probably bare ondcr-« 
mined in some degree the neigiibouring country. The im- 
aiediate cause of an eruption appears to be very frequently 
an admission of water from the sea, or from subterraneous 
reservoirs; it has often happened that boiling water has been 
discharged in great quantities from a volcano ; and the force 
of steam is perhaps more adequate to the production of vio* 
lent explosions, than any other power in nature. The con- 
aequence of such an admission of water, into an immense 
collection of ignited materials, may in some measure be un- 
stood, from the accidents which occasionally happen in foun- 
deries : thus a whole furnace of melted iron was a few years 
ago dissipated into the air in Colebrook Dale, by the effect 
of a flood which suddenly overflowed it. 

The phenomena of earthquakes and volcanoes 
are amply illustrated by the particular accounts,, 
transmitted to the Royal Society by Sir William 
llamilton, pf thos& which have happened at different 
times in Italy. The earthquake, which desolated 
Cala1>ria, in 1783, was fatal to about 40,000 persons,, 
continuing its ravages for more than three months < 
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it destroyed the towns and viUages occupying ^, cir- 
de of nearly 50 miles in diameter, lying between 98 
and 39 degrees latitade, and extending almost from 
the western to the eastern coast of the southernmost 
point of Italy, besides doing considerable damage to 
places at much greater distances from its origin, 
which is supposed to have been either immediately 
nnder the town of Oppido, in the centre of this 
circle ; or under some part of the sea, between the 
west of Italy, and the volcanic island of Stromboli. 



islftBd, as well as Mount Etna, had smoked less than 
nsaM before the earthquake, but they both exliibited appear- 
anoes of an eruption darine its continuance ; Etna towards 
the beginning, and Stromboli at the end. Before eac6 shock 
the clouds were usually motionless for a certam time, and it 
nmied vioieiitly ; frequently also lightning and sudden gasts 
of wind acGonpanied the rain. The principal shoeks ap^ 
peared to consist in a sudden efteyation of the ground to a 
eonmderaMe height, which was propagated somewhat like a 
wvre, from west to east : besides this, the ground had also a 
hoiicoHlal motion backwards and forwards^ and in seme mea- 
sure in a circular direction. This notion was accompanied 
by a loud noise ; it continued in one instance for ten seconds 
without intennission : and it shook the trees so violently that 
then beads nearly reached the ground. It affeeted the plains 
more strongly than the hills. In some places laminous ex- 
lialations, which Sir William Hamilton thinks rather elec- 
trical than Igneous, were emitt^ by the earth; the sea 
boiled np near Messraa, and was agitated as if by a copious 
discharge of yapcwrs from its bottom ; and in several places, 
water, mixed with sand, was thrown np to a considerable 
height. The most general effect of these violent commotions 
was tlie destruction of buildings of all kinds, except the light' 
barracks of wood or of reeds, into which the inhsd[>itanls re- 
treated as soon as they were aware of their danger: the beds 
of rivers weK^e often left dry, while the shock lasted, and the 
water on its return overflowed their banks; springs were 
sometimes dried up, and new ones broke out in other places. 
The hills which formed tbe sides of steep vallies were often. 
divided by deep chasms parallel to the vallies ; and in many 
eases lai^^e portions of them were separated, and removed 
by the tem]K>rary deluge to places half a mile or a mile off; 
with the buildings and trees still standing on them ; and in 
this manner hills ivere levelled, and valUes were filled U]p«. 
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But tbe most fatal accident of this kind happened at Scilla, 
where so large a portion of a cliff was thrown into the sea 
that it raised an immense wave, which carried off more than 
2000 inhabitants who were collected on the beach, and even 
extended its formidable effects to the opposite coast t>f Sicily 
where several persons perished by it in a similar manner. 

The eruptions of volcanoes are nsually attended 
by some shocks like those of earthquakes, although 
commonly less violent. Open volcanoes, continually 
throw out in more or less abundance, smoke^ a^es, 
and pumice stones, or light cinders ; but their most 
formidable effects are produced by a torrent of 
ignited lava, which, like a vast deluge of Uquid or 
sem1-liquid fire, lays waste the country over vrhich it 
runs, and buries all the works of human art. 

In March, 1767, Vesavius began to throw out a consider*- 
able quantity of ashes and stones, which raised its summit 
in the coarse of tbe year no less than 200 feet, forming first 
a little mountain of pumice stones within the crater, which 
by degrees became visible above its margin. The smoke, 
which was continually emitted, was rendeied luminous at 
night, by the light derived from the fire burning below it. 
In August some lava had broken through this, mountain, and 
in September it had filled the space left between it and the 
former crater. On the 13th and 14th of October there werp 
heavy rains, which perhaps supplied the water concerned in 
the eruption that shortly followed. On the morning of the 
I9th, clouds of smoke were forced, in continual succession, 
out of the mouth of the volcano, forming a mass like a large 
pine tree, which was lengthened into an arch, and extended 
to the island of Caprea, 28 miles off; it was. accompanied by 
-much lightning, and by an appearance of meteors like shoot- 
ing stars. A mouth th^i opened below the crater, and dis- 
charged a stream of lava> which Sir William Hamilton ven- 
tured to approach within a short distance, imagining that the 
violence of the confined materials must have been exhausted i 
but on a sudden the mountain opened with a great noise at a 
much lower point, about a quarter of a n^le from the place 
where he stood, and threw out a torrent of lava, which advanc- 
ed straight towards him, while he was involved in a shower of 
small pumice stones and ashes, and in a cloud of smoke. 
The force of the explosions was so great, that doors and wi»-t 
dows were thrown open by them at the distance of several 
miles : the stream of lava was in some places two miles broad^ 
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and sixty or seventy feet deep ; it extended aboat mx mile? 
from the sammit of the mountain, and remained hot for se- 
veral weeks. In 1794 a still more violent eruption occurred: 
it was expected by the inhabitants of the neighbourhood, the 
crater being nearly filled, and the water in the wells having 
subsided. Showers of immense stones were projected to a 
great height ; and ashes were thrown out so copiously, that 
they were very thick at Taranto, 250 miles off; some of them 
also were wet with salt water. A heavy noxious vapour, 
supposed to be carbonic acid, issued in many places from the 
earth, and destroyed the vineyards in which it was suffered to 
remain stagnant. A part of the town of Torre del Greco was 
overwhelmed by a stream of lava, which ran through it into 
the sea; yet, notwithstanding the frequency of such acci- 
dents, the ii^bitants had so strong a predilection for their 
native spot, that they refused the offer of a safer situation for 
rebuilding their houses. 

Can the poor, brittle tenements of man 
Withstand the dread convulsion ? Their dear homes, 
(With shaking, tottering, crashing, bursting, fall,) 
The boldest fly ; and on the open plain, 
Appaird, in agony, the moment wait. 
When, with disrupture vast, the waving earth 
Shall Vhelm them in her sea-disgorging womb. 
Nor less affrighted, are the bestial kind : — 
The bold steed quivers in each panting vein. 
And staggers, bath'd in deluges of sweat : — 
The lowing herds forsake their grassy food. 
And send forth frighted, woful, hollow sounds : — 
The dog, the trus^ ceQtinel of night. 
Deserts his post assigned, and piteous howls. 

THOMSON. 

Eruption of Mount Vesuvius in 1817. 

9. Of this eraptioDA Signor Monticello gives the 
following accaunt. It began qu the 22d, and 
terminated on the 26th of December. On the 
23rd 9 1 was at Resina, and on the 24tb at Torre deF 
Annanciata ; so that I had an opportauity of observ- 
ing the two currents of lava^ one of which ran to- 
wards the plain of Pedimentina, the other towards 
Maoro. 
' On the i^tb, I remarked that the small conical hillock 
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which stood near the centre of the edge of the craler \mA dis- 
appeared ; it seemed swallowed up by the same ignivomous 
aperture which raised it in 1816. The other smaller hiUock 
upon the western rid^e of the crater had also fallen in^ and 
was swallowed up by a very large rent upon that side of the 
volcano. Instead of these hillocks, I fonnd the recent lata 
cnriously disposed in the manner of a wall, fortifying, as it 
Were, the ancient crater upon the east and west sides ; con- 
vex, and very irregular upon the north and south. Of this 
wall some parts are quite even and regular, h>oking exactly 
like our terraces: the whole waii extremely hol» and appa- 
rently incandescent in the interior, as seen through some of 
the holes and fissures. I have little dotibt Ihat parts of these 
waifs were hollow, not only from this appearance, but from 
the sound occasioned by throwing a large stone upon any 
part of them. Upon the south, all former appearances are 
destroyed, and there has beeq produced a very gently-iiH 
clined plain, covered with fine sand ; indeed it would have 
been impossible here to have recognized the former edge of 
the crater, were it not for two large blocks of stone which 
were thrown up in the eruption of 1812, and which, though 
much changed by the action of two small famarolee under^ 
neath them, have burned since tTie year 1815; and still 
serve as landmarks. This plain is often traversed by long 
fissures, more or less perpendicular, running east and west 

On the 2d of March we counted round the crater 
fourteen apertures^ most of which were still smoak* 
ing ; one of them was circular, and about two feet 
in diameter ; it was perfectly quiet, and appeared of 
an unfatliomable depth. 

The' largest of them is on the northern side of the crater, 
at a little distance from the great fissure which rent the cone 
asunder during the eruption of 1813, and which has been 
entirely obliterated, or at least covered by the late formation 
of lava. Upon the north-east sid^', a little sibove the sandy 
plain, is the new crater, which poured forth the lava that cot 
the cone of tlie volcano, and took the direction of Manro. 
This lava spread round the ancient Somma, and upon the cast 
side of that mountain descended through a wood, and, pass- 
ing before a house belonging to the Prince of Ottiana, 
reached to within a very short distance of the principal street 
of Mauro. On the 26th of Decemberi while we were ob- 
serving the progress of the torrent from a -small wood of oaks 
near the Prince's ^asino, we were suddenly surprised and 
alarmed by the motion of the ground we were standing upon, 
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and, immediartdy ttfterwards, three imall jeto of flaaie iiMde 
their appearauee at a few feet only from us ; we therefore 
harried away to a place of safety, expecting a repetition of 
the same phenomenon, but we only obserred jets of smoke 
here and there in the wood. 

Whilst observing Vesavias oa the 24th of De* 
cember, I remarked lava flowing from five apertures^ 
which aagmented the current that formerly issaed 
from the south side of the cone previous to the de- 
struction of Tdrre del 6reco» and in which were 
small apertures emitting flame, and rapidly appear^ 
ing and disappearing in succession. The light was 
very intense and splendid. 

On the north of the great fissure of the crater 
above allnded to, the recent lava assumed the aspect 
of basaltic columns. 

On the 27th of December, a cavern near Mauro' 
was covered with a white incrustation of salt, sub- 
limed from below ; its quantity was so considerable, 
that fifty or sixty people made a profitable occupa- 
tion by collecting it ; for this purpose they either 
broke the stones, or scraped off the saline matter, 
and replaced them in their former situations, and a 
day or two afterwards they became again covered as 
before* 

We often saw the deposition of this sablimate^ whieh I am 
■induced to believe required the presence of air tor its forma- 
tion, for it only existed near the surface, or in cavities open 
to the access of atmospheric air. The same obsei^ation ap- 
plies to the beantifiil specimens of sublimed oxide of iron 
(fir Migiste), Varkras other soblimates were deposited upon 
the lava, hat in much smaller quantity ; their colours were 
ehieflj yellow, red, and green: they were most abundant 
near tiie large crater ; the yellow and red were deliquescent; 
hut the yellow and green permanent. The smell of muriatic 
acid, though frequently perceived near the large burning 
orifice of the BMHintain^ was never observed in the lava of 
Mauro. 

In the following letter on the destruction of Her- 
coianeum and Pompeii> the reader is presented with 
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a fine accoant of that grand emption of Vesuvius 
ivhich destroyed those cities. 

My dear young Friend, 

Perhaps, from having witnessed the late awful 
and destructive eruption of Mount Vesuvius, you 
will feel interested in a slight retrospection of a 
story the most celebrated upon record. 

' The earliest and most fatal eruption of Vesuvius, 
that is mentioned in history, is that which occurred 
A.D. 79, in the first year of the reign of Titus, and 
which is so ably described in Pliny's letter to Tacitus, 
that I need only refer you to that; for any attempt 
to shorten his exquisite account, would indeed be 
an unpardonable presumption. I shall, however^ 
say thus much upon the subject. 

The whole of Campania felt the effects of this emption ; 
many towns were completely destroyed, among which Her- 
culaneum and Pompeii were the most conspicuous. Pompeii 
had suffered much from an eartfaqas^^e idxteen years previous 
to this overwhelming calamity, but it had been rebuilt and 
adorned with many stately edifices. A superb theatre was 
just finished, and a numerous crowd of spectators was as- 
sembled within its spacious walls, when their city was sud- 
denly swallowed up by an earthquake, and every trace of it 
vanished, for its disappearance was followed by such a deluge 
of lava, that the exact site of this devoted city remained 
unknown during sixteen centuries, at the end of which period 
it was discovered by chance in the year 1739. 

The cities of Puteoli and Cannae were also greatly damaged, 
partly by the earthquake, and partly by the burning ashes, 
which it is said extended to Africa, Egypt, and Syria. Be- 
sides Pliny the elder, who was suffocated, history has pre-r 
served among the names of the celebrated victims, the poet 
Cesius Bassus, who with, all his household was consumed 
by the flames; and Agrippa, son of Claudius Felix, the 
well-known governor of Judea; and Drusilla, daughter to 
Agrippa the last king of theJ^ews, found an earty grave in 
the ruins of Herculaneum. The next eruption upon record 
is that which for|ned the Monte Nuovo which we visited a short 
time since. This took plape in the year 1538. The years 1631 
and 1707 were marked by these awful visitations; but the 
last century has been most fatally aiarked by the violent 
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eruptions of VesuTias. That of the year 1799 was the most 
destmotive that had tak^ place since the time of Ptiny, and 
of which the following is a correct statement, copied from a 
MS. in our library, and which was written by an eye-witnesS 
of this frightftil eruption. The mountain had been remark- 
ably quiet for seven months preyious to the eruption I am 
about to describe, nor did the usual smoke issue from its 
crater, but at times it emitted small clouds of smoke that 
floated in the air like little trees. A thick vapour was also 
seen to surround the mountain about a quarter of a mile 
beneath its crater; and the sun and moon haA both an 
nnusual reddish cast. 

The water of the great fountain at Torre del Greco began 
to decrease some days before the eruption, so that the wheels 
of a corn-^mill worked by water, moved very slowly, and 
many of the wells in the town became partially, and some 
quite dry. About eight days before the grand eruption, a 
man and some boys being in a vinevard above Torre del 
Greco, and precisely on the spot where one of the new 
mouths opened from the current of lava that overwhelmed 
that unfortunate town, were much alarmed by a puff of 
smoke, which came out of the earth, accompanied by a 
slight explosion ; subterraneous noises were heprd at Resina ; 
yet all these symptoms passed unnoticed, and on Sunday, 
13th of June, after a slight earthquake, a fountain of bright 
fire, attended with a very black smoke and a loud report, 
was seen gradually to issue, and rise to a great height, from 
about the middle of Vesuvius ; another of the same kind 
soon afterwards broke out at some little distance lower 
down. From tlie terrific noise which accompanied this 
explosion, it appeared as if a covered channel full of red 
hot lava had blown up. Fresh fountains succeeded one 
another rapidly, and all in a direct line, dividing for about a 
mile and a half down, towards the towns of Resina and 
Torre del Greco. It is impossible that any description can 
give an idea of this fiery scene or of the horrid noises which 
attended this great operation of nature* It was a mixture of 
the loudest thunder with incessant reports, like those from a 
numerous heavy artillery, accompanied by a continued hol- 
low murmur, which might be compared to the roaring of the 
ocean during a violent stiirm: in addition to this extraordi- 
nary combination of noises, a mighty rushing of the winds 
from every point of the compass with increcUble fury, pro- 
duced that thrilling awe which always accompanies the action 
of an invisible agent. The frequent falling of the large stones 
And scoriae, which were thrown up to an incredible height 
Uwsk some of the new mouths^ and one of which was ailer'^ 
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wards neafliired by tbe AbM Fate, and firaiid to be ten f«et 
bigh> and thirty-five ia Giroumferenee, eantidbuted widoabi- 
edly to the coiicassioii ni the earth aad air, which kept all 
the hoasea in ^3«^les m a coastaiit tremor £ar several hours, 
eveiy door aad window striking violently and every bell 
ringing. Vesuvius is c(Hnposed of two mountains, the one 
called Somma, which has oeased to emit tlanes for many 
years ; the other called Vesnvio. 

Another tremendous report from Yesavins, was succeeded 
by a fountain of liquid fire, which gradually increasing, arose 
to tht'fie tiAKs the height of the mountain itsell*, ii^ich is 
3,700 feet above tbe level of the sea. Occasional clouds of 
the darkest smoke broke through this vast column of fire, 
and which, at length, collecting in <^e Vast body, was car* 
rfed by tJie wind to the farther side of the mountain, forming 
a gloomy back ground to the vivid glow upon Yesuvius. This 
liquid lava, alter shootiag up to all appearance ten thousand 
feet, was d(irected towards Ottiana, where it partly fell, red 
hot and liquid : the top of Vesuvius, the valley between that 
and Somma, and tbe summit of tlie latter, immediately as* 
sumed the appearance of a vast sheet of fire, extending two 
miles and a half in breadth. 

To complete this terrific, yet sublime scene, the brush wood 
on the Somma took ^e^ the flame of which, being of a dif«> 
ferent hue from the deep red of the matter thrown from the 
volcano, and from the silvery blue of the eleetricaJ fi9«> still 
added to the contrast of this truly impressive scene. 

Tbe sky over Naples had been, till this period of the erap* 
tion, beautifttUy serene, the moon bright, and the stars shin- 
ing with their usual lustre, b«t now the moon withdrew her 
pale light by degrees, till, her glory quite eclipsed, she totally 
dis^tppeared, and the most awful darkness succeeded, save 
where Vesuvius threw a burning glow. 

In Naples, fear and horror were visible on every coun- 
tenance : a procession of monks, followed by an innumera- 
ble concourse of people, whose ^prayers and lamentations 
greatly heightened the solemnity of the scene, paraded the 
streets in every direction. W'hen tbe black olond already 
described, was bonie by the wind towards Maples, thdr 
feelings rose almost to despair. This enormous black cloud 
was loaded ^Evitb electric matter, which, in the form of light- 
ning, darted in every direction ; fortunately it returned to 
Vesuvius, without injuring tbe city, but tiie two small towns 
of Ottiana and Torre del Greco suffered dreadfully from the 
inflammatory contents ; the latter was indeed nearly over- 
whelmed by the boiling lava, and the inhabitants escaped 
but with life. An immense promontory, which had been 
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formed by tlw l«Ta» and bad passed orer this town, was 
12D4 English feet in breaddi ; ita height above the sea waa 
twelve fMt, and it extended into the sea 626 feet The sea» 
te aome days, was hei&ig like a cauldron ronnd the foot of 
this Bewly^lbtnied {iromoatoryy and even at a bandied yarda 
froBi ity the water was aealduig hot. Pi. fij^ermikn who went 
near it, observed that the piteh at the bottom of his boat waa 
melting fast, and floating on the sorface of the sea, and that 
kis lUtle vessel began to leak, he tiierefore hastily quitted the 
spot, and returned to Naples, deeply impressed with Uie 
aJKful calamity which had thus chaaged the whole face ^ 
the country. 

Bat I proflused you, in the beginning of this epistle, a 
description of Hercnlaneum and Pompeii, which I will now 
fulfil. In the year 1729^ a part of the rains was discovered 
by accident. A pcrsom having gcme down a well Acar 
Portici, he discovered a passage which he crept into, and 
mentioning the circuaistanoe to others, several persons went 
down with lights, and p«»etrating a great way* they dis- 
covered tbe foundation of streets ami houses. This discovery 
being made known to the King of Naples, they begaa to 
make excavations through beds of lava, and at length dis- 
covered a theatre in the tbrm of a horse shoe. That part 
where the spectators sat is still visible, and consists of eigh- 
teen rows of broad stoho seats, one above another, in a cir- 
cular fovm. Several little narrow fiighu of steps are still 
seen in various parta for the convenience of the spectators to 
ascend to the different ranges of seats. A large gallery 
leadii^ round the outside of the theatre, may still be traced. 
The pavement must have been very beautiful from tbe speci- 
mens of celoored marble which still remain. In censecfuence 
ftf this discovery^ they prosecuted their researches with ocm- 
siderable ardour, and their labour was repaid by a vast col- 
lection of busts, statues, cameos, and household utensils. 
An inkstand with ink in it, stylets or pens, eggs quite whole 
but empty, nuts and almonds, beans and peas burnt quite 
blac^, and many different fruits: medicines in pills, with 
their marks, & phial of oil, gold lace, in excellent preserva- 
tion, and extremely curious, being spun out witfaoot any silk ; 
soap* bran, &c. &e. and a loaf burnt to a coal, but still retain- 
ing the baker's mark, is now preserved with gre^t care in a 
glass case. It is remarkable, that many of the weights and 
scales which were found, resemble those in use at the present 
day in Naples. 

A skeleton was fonnd in a door way, in a running attitude, 
with one arm extended, which appeared to have had a bag of 
money in it, fcir thhre is the impression of Uie bag in tbe lava, 
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and some pieces of money were found in the spot beneath it. 
Herculaneum, most ptt>bablyy was destroyed by the baming^ 
lava; for had the city been swallowed up by. an earthqitake, 
more skeletons would have been foand, and eveiy thing 
would haTe been displaced, which was not the case. 

In Pompeii, a small closet was found entire.; the painting 
on the walls and ceiling perfectly unhurt; on one side of i^ 
was a marble table, fastened into the wall itself, which might 
be called a side-board, and on which was placed one of the 
most beautiful tripods ever seen, about three feet high, and 
in the highest perfection, a crescent of silver, about five inches 
in diameter,' a silver amulet or charm, representing Hippo- 
crates, and a golden fibulae or broach, about an inch in dia- 
meter. 

Tlie most curious, however, of all the discoveries made in 
either city is this, a small leg and thigh of some animal, 
covered with silver, which is five inches long. On the ex- 
ternal part of it is described a sun-dial, fonned on a quad- 
rant, and as the thigh forms the quarter of a circle,, the 
workman has taken the centre of this quadrant from the ex- 
tremity of the ham t>r gammon, and hence has drawn hour 
lines, which with the lilies that mark the months, forms the 
usual compartments, some larger and others smaller, which 
are divided six by six, as well in height as in length. Below 
the inferior compartments, which are the less, are read the 
names of the months, placed in two lines, in a retrograde 
•order, so that the month of January is the last in the first 
line, which bears the other five following months. In tiie 
second line are described the six other months in their natu- 
ral order; so that the month of December is under January, 
and so the months shorter and longer, have one common 
compartment for each couple. A^i^ost on the edf^e of the 
right side, there is the tail of the animal, somewhat bent, 
and this performs the ofiice of gnomen. On the extremity 
of the leg, or centre of the<quadrant, there is a ring to hold 
the dial in an equipoise, and it is supposed that in this place 
the plummet was fastened, such as in the like dials is tp fall 
on the present month, to determine the shadow of the gnomen 
on the horary lines. 

These are, I believe, the most striking articles which have 
been discovered, and if I were to attempt to give you even a 
correct list of the busts, statues, cameos, intaglios, found in 
these two subterraneous cities, I should write a volume. I 
' trust you will be amused with this slight sketchy whjch has 
not, I hope, excited your regrets at not having seen these 
ruins. Believe me, you would have been disappointed, for 
the glory of Herculaneum and Pompeii has long since moul- 
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dered ia oblivion, a^d tbe little tbat renudjU of theto uii«> 
fortanatc cities, consists of excavated^assages and defaced 
walls. Ever J thing valuable bas been taken from them, and 
discovery is *at length exhausted. Fare thee well. 

Father Benedict. 

Tbe volcanoes of Etna, the lipari Isles of Ice^ 
land^ the Adriatic and African islands, and of Ame* 
rica, have been described in several works. The 
following two articles have the novelty of presenting 
the eccentricity, if we may so speak, of the singalar 
phenomena we are now investigating. 

Mud Volcanoes of Trinidad. 

10. In 1816, Dr. Ferguson visited this island, and 
found that in the eruptions of these semi-volcanoes, 
the matter thrown out is always cold. They are 
situated at tbe southern extremity of Trinidad, on 
a narrow tongue of land, which points directly into 
one of the mouths of the Oroonoko on the main, 
and not far from the celebrated pitch-lake. 

Dr. Ferguson observed that the matter ordinarily thrown 
out, consisted of argillaceons earth mixed with salt water, 
abont as salt as the water in the neighbonrlDg gulf of Paria : 
but, though cold at all times, that pyritic fragments are oc- 
casionall}' ejected along with the argiUaceous eaith. Ho also 
observed that several mounts in the vicinity, possessed tbe 
same character in all respects, as the semi-volcanoes then in 
activity ; having all the marks, except the actual eruption, of 
having been raised tfirough a similar process to their present 
height of abont one hundred feet; and that the trees aronnd 
them were of tiK* same kind that are fotind near lagoons and 
suit marshes. 

M. Htimbordt says, that at Monai itt South America, there 
is a stratum of clayey earth, which inflames spontaneously, 
when slightly moistened and exposed for a long time to the 
rays of the tropieal sun. The detonation of this muddy sub- 
stance is very violent It is of a black colour, soils the 
fingers, and emits a strong smell of sulphur. 

Mud Volcanoes of Crohogan in Java* 

11. In September 1817, the mud volcanoes of 
Crcbogan, in Java, fifty miles from Solo, were wit- 
nessed by a party of which S. Goad, Esq. was one. 

voir. I. c 
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Ob approachiiig the Tillage of Kafaoo^ the travelers 
«aw» between two* trees in a plain, an appearance 
like the surf breaking over rocks, with a strong 
spray falling to leeward. The spot was completely 
surrounded by hat« for the manu&ctnre of salt. 
Alighting, they went to the Blndugs, as the Javan* 
ese call them ; and found them to be on an elevated 
plain of mud, about two miles in circumference, in 
the centre of which immense bodies of salt mud 
were thrown up to the height of from ten to fifteen 
feet, in the forms of large globes, which, burstings 
emitted volumes of dense white smoke. These 
large globes or bubbles, of which there were two, 
continued throwing up and bursting seven or eight 
times in a minute by the watch. At times they 
threw up two or three tons of mud. 

The party got to leeward of the smoke, and found it to 
smell like the washing of a gun barrel. As the globes burst, 
they threw the mud out from the centre, with a pretty loud 
noise, occasioned by the falling of the mud upon that whictt 
sucrounded it, and of which the plain is composed. It 
was difficult and dangerous to approach the large globes or 
bubbles, as the ground was all a quagmire, except where 
the surface of the mnd had become hardened by the sun ; 
upon this they approached cautiously to within fifty yards of 
the largest babble or mud pudding, as it might very properly 
be called* for it was of the consistency of a custard pudding, 
and of very considerable diameter. They also got close to a 
small globe or bubble (the plain was full of them of different 
sizes) and observed it closely for some time. It appeared to 
heave and swell, and, when the internal air had raised it to 
some height, it burst, and the mud fell down in concentric 
circles, in which shape it remained quiet until a sufficient 
quantity of air wa« again formed internally to raise and burst 
another bubble. This continued at intervals from about one<- 
half to two minutes. 

From various other parts of the quagmire, round the large 
globes or bubbles, there were occasionally small quantities of 
mud shot up like rockets, to the height of twenty or thirty 
feet, and accompanied by smoke. This was in parts where 
the mud was of too stiff a consistency ,to rise in globes or 
bubbles. The mud at all the places they came near was cold 
on the surface, but they were told it was warm beneath. The 
water which drains from the mud is collected by the Javanese, 
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Mid, by being exposed in the hoHowt uf split iMUllbMl to tlM 
tmjn of Oe son, deposits ci^stsltf of salts. 

Jn ike two articles following^, and milk whidb ire 
will close our notices of Totcanoes, tbe reader is 
presented with every thing worthy of obgervation on . 
this interesting topic. 

Pseudo Vokano. 

12* This volcano is sitoated near BilstMi, on the 
road side, between Birmingham and Wolverhimip* 
ton. Dr. Plott relates that it was on fire In 16do, 
bat it was not known how long it had been in a state 
of corabastion. Its space was then eleven acres, 
but its ravages have since extended throughout a 
square mile. Its origin and continuance are no doubt 
owing to strata of pyrites, (which are a compound of 
sulphur wad iron,) existing among the coals. 

In the year 1815, it began to penetrate through the floors 
of some houses : it produced great alarm, hj appearing in 
the night; and fonr of the houses were taken down. It 
exhibits a red heat in this situation, and the smoke has forced 
its way through a bed of cinders forty feet in height. On 
the south it is arrested by beds of sand, which cover the coal 
formation : and on the north-east it is impeded by cultivation. 
At first view, a stranger might suppose himself in a volcanic 
iregion. The exterior view of tlie strata, exposed by the 
falling in of the ground, presents a surface blackened by the 
action of fire, and presenting most of the porphyritic and 
trappear colours in high perfection. The cinder dust under 
foot, the sulphureous vapour and smoke which arise from the 
various parts of the surfince, and the feeling of insecurity 
which attend the footsteps, all combine to give a high degree 
of interest to the scene. The minerals found in this region 
are, iulpkur, in small brUliant massy cyntals, also mineral Uar ; 
coal, in some places only four feet frtfm the surface ; n^ate 
^ mlumiue; muriaU cf ammoMM, combined with a smm pro- 
portion of sulphati d/* ammmiia ; sulphmie of zine; nUpk^te tf 
lime ; porcelain jasper ; newest floetz trap, hasali, or rowkyhrag, 

Ariijlcial Volcano. 

13. Mix together half a hundred weight of suIt^ 
phur with the same quantity of iron filings, forming 

c2 
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<lte whole into a paste, with; so mueh water as i$ 
necessary. Now dig a hole three feet deep in the 
earth, and hary the mass ; laying tbe earth over it 
very compacjt» and raising a moand like a «mal! 
ant-hill, on the top, to mark its situation. If this 
experiment be performed ia the warm season of the 
year, so much heat will be engendered in the course 
of twelve or fourteen hours, as to swell and burst 
the earth, causing an artificial volcano, by throwing 
np whatever impedes its progress, and scattering in 
all directions ashes of a yellow and black colour. 

This experiment sboald be performed in tbe centre of a 
field, and tbe spot where tbo mass is deposited shoald not be 
approached after the tenth hoar of burying, as the conse* 
quence mi|^bt be dangerous. 

The cause of this phenomenon is the affinity which the iron 
filings haYC for tbe oxygen of the water. During this com- 
bination, the sulphur attracts the hydrogen, and much heat 
being evolved during this play of aiOSnitics, the combustible 
matters swell tbe earth, and burst into flame. The matter 
thrown out will be found to be vitrified earth, sulphur and 
o)(ide of iron. 

Geologists are universally agreed, that a similar compo- 
sition, called iron pyrites, imbedded in the bowels of the 
earth, is the cause of similar natural phenomena, when water 
comes in contact with it ; though, of course on a much larger 
scale. It is certain that in all volcanic regions sulphur and 
iron abound. 
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SECTION III. 

VOLCANIC REACTIONS. 

The Earthquake of the CaraccaaS 

• 

On the subject of earthquakes, the field of obser- 
vation is both varied and extensive; but the scien- 
tific description of one is worth the detail of fifty, 
where the marvellous hath supplied knowledge; and 
fear has shrunk from the investigation of the causes 
that produce these phenomena. 

16. There are few events in the physical world 
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which are calculated to excite so deep and permanent 
an interest as the earthquake which destroyed, the 
town of Caraccas in 1812, and by which more than 
20,000 persons perishedy almost at the same instant, 
in the province of Venezuela, in South America. ^ 
The 26th of March was a remarkably hot day. 
The air was calm, and the sky unclouded. It was 
Holy Thursday, and a great part of the population 
was assembled in the churches. Nothing seemed 
to presage the calamities of the day. At seven 
minutes after four in the afternoon the first shook 
was ifelt; it was suiBciently powerful to make the 
bells of the churches toll ; it lasted five or six se- 
conds, during which time the ground was in a con- 
tinual undulating movement, and_ seemed to heave 
up like a boiling liquid. The danger was thought 
to be past, when a tremendous subterraneous noise 
was heard, resembling the rolling of thunder, but 
louder, and of longer continuance than that heard 
within the tropics in time of storms. This noise 
preceded a perpendicular motion of three or four 
seconds, followed by an undulatory movement some- 
what longer. The shocks were in opposite directions^ 
from north to south, and from east to west. Nothing 
eould resist the movement from beneath upward, 
and undulations crossing each other. The town of 
Caracbas was entirely overthrown. Between nine 
and ten thousand of the inhabitants were buried 
under the ruins of the houses and churches. The 
procession had not yet set out ; but the crowd was 
so great in the churches, that nearly three or four 
thousand persons were crushed by the fall of their 
vaulted roofs. The explosion was stronger towards 
the north, in that peul of the town situated nearest 
the mountain of Avila, and the Silla. The churches 
of la Trinidad and AltaOracia, which were. more 
than 150 feet high, and the naves of which were 
supported by pillars of twelve os fifteen feel dinmo* 
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ter, left a mass of ruins s^mrcely exceeding five or 
ax feel in clevatioa. The sinking of the ruins has 
hteen so oonsiderabley that there now scarcely remain 
any f ctstiges oi pillars or ceiunins* The barracks, 
called El Quartel de Su» Carlos, situate farther 
north of the church of the Trieity^ on the road 
fimn the custom-house de la Pastora, almost en- 
tirely disappeared. A regiment of troops of the 
tine, that was assemUed und^ arms, ready to join 
HkB prooession, wa8» with the exception of a few 
mma, horied aoder the ruioa of this great edifice. 
Nine-t^ths of the fine town of Caraccas were en- 
tirely destroyed* The walb of the bouses that were 
not thrown ctown, as those of the street San Juan» 
near the Gapaehin Hoapitalj were cracked in such 
a manner^ that it was impossible to rim the risk of 
inhabiting them. 

Estimating at mne or ten thousand the number of 
the dead in the city of Caraccas, we do not include 
Aose unhappy persons, who, dangerously wounded, 
perished several months after, for want of food and 
proper attention. The night of Holy Thursday pre- 
sented the most distressing scene oi' desolation and 
sorrow. That thick cloud of dust, whidi> rising 
above the ruins, darkened the sky like a fog, had 
settled on the ground. No shock was felt, and 
never was a night more calm or more serene. The 
moon, nearly full, iUumineA the rounded domes of 
the Silla, and the aspect of the sky formed a perfect 
contrast to that of the earth, covered with the dead, 
and heaped with ruins. Mothers were seen beariug 
in their arms their children, whom they hoped to 
recall to life. Desolate famities wandered through 
the cit}', sedLing a brother, a husband, a friend, of 
whose &te they were igpnorant, and whom they be- 
lieved to be lost in the crowd. The people pressed 
along the streets, which eonld no more be recognised 
bat by long lines of ruins. 

All the calamities experienced la the great catastrophes of 
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lisbon, Messina^ Lima, and Riobamba, were resewed on fbe 
fiOal day of the 26th of March, 1812. The woanded, buried 
under the rains, implored by tfaeh* cries the help of the passers 
by, and nearly 2000 were dag out. implements for digg:ing, 
md clearinip away the rains were entirely wanting ; uid the 
people were obliged to use their bare bands to disinter the 
liy^g. The wounded, as well as the sick who had escaped 
ftom the hospitals, were hdd on the banks of the smalf river 
Gnayra. They found no shelterbuttjie foliage of trees. Beds, 
linen f o dress the wounds, iostroments of surgery, medidncs, 
and objects of the most urgent necessity, were buried under 
the ruins. Every thing, even food, wa^ wanting during the 
first days. Water became alike scarce in the interior of the 
city. The eommotiott had rent the pipes of the fountains ; 
the follii^ in of Ae earlii had choked up the springs Utast 
supplied them i and it became necessary, in order to have 
water, to go down to the river Guayra, which was cousi- 
denbiy swelled ; and then vessels to convey the water were 
wanting. 

There remidned a duty to be fulfilled towaftds the deftd, 
ei^ouied at <«^e by piety and the dread of infeotien* It 
beuig impossible to inter so many thousand corpses, balf- 
buried under the ruins, commissaries were appointed to burn 
the bodies: and for this purpose, foneral piles were erected 
between the heaps of rams. This ceremony lasted several 
^ys. Amfai so many public calamities, the people devoted 
themaelves to those religious duties which they thought were 
the most fitted to appease the wrath of heaven. Some, as- 
sembling in procession, sung funeral hymns ; others, in a 
state of distraction, confessed themselves aloud in the streets, 
la this town was now r^ealed what had been remarked in 
the province of Quito, after the tremendous eartitquake o& 
1797 ; a number of marriages were ccmtracted between per» 
ions who had neglected for. many years to sanction their 
union by the sacerdotal benediction. Children found parents 
by whom they had never till then been ttcknowledged ; resti- 
tutions were promised by persons, who had never been ao* 
eased of fr^nd ; and families, ^o had long been enemies, 
were drawn tog^ether by the tie of common- calamity. 1{ this 
feeling turned to calm the passions of some, and open the 
heart to pity, it had a contrary effect oi| others^ Yend^ring 
them more r^^id and inhuman. 

Shocks as violent as those wfaichi in the space of 
one'mmate *, overthrew the city of Caraccas, conld 

* The duraidon of the earthquake, "diat is to say, the whole 
of the movemeiits of undulation find rising wUeh Qocusioiied 
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not be confined to a small portion of the coutineut* 
l*heir fatal effects extended as far as the provinces 
of VenezQela^ Varinas^ and Maracaybo^ -along the 
coast ; and still more to the inland moantains. La 
Guayra, Mayquetia, Antimano, Baruta, La Vega, 
San Felipe^ and Merida, were almost entirely des- 
troyed. The number of the dead exceeded four or 
five thousand at La Guayra and the town of San 
Felipe, neat the copper -mines of Area. It appears^ 
that it was on a line running east north-east^ and 
west south-west, from La Guayra and Caraccas to 
the lofty mountains of Niquitao and Merida, that 
the violence of the earthquake was principally di- 
rected. It was felt in the kingdom of New Gra- 
nada from the branches of the high Sierra de Santa 
Martha as far as Santa Fe de. Bogota and Honda, 
on the banks of the Magdalena, 180 leao^es from 
Caraccas. It was every where more violent In the 
Cordilleras of gneiss and mica-slate, or immediately 
at their foot, than in the plains : and this difference 
was particularly striking in the savannahs of Varinas 
and Casanara. In the valleys of Aragua, situate 
between Caraccas and tiie town of San PeUpe, the 
commotions were very weak : and Lk Viotoria, 
Maracay» and Valentia, scarcely auffered at all, 
notwithstanding their proximity to the capital. At 
Valecillo, a few leagues from Valencia, the earth, 
opening, threw out such an immense quantity of 
water I that it formed a new torrent The same phe* 
nomenon took place near Porto-Cabelio. On the 
otbcfr hand, the lake of Maracaybo diminished sen- 
sibly. At Core no commotion was felt, though the 
town is situated upon the coast, between other towns 
which suffered from the earthquake. 

Fifteen or eighteen hours after the great catastrophe, the 
ground remained tranquil. The night, as we have already 

the liorrible catastrophe of the 26th of Mardi, 181% was 
estimated hy some at dO'^ by others at 1' l^\ 
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observed, was fyi^e and calm ; and tlie commotioiui did not 
recommence lill after the 27t]i. They were then attended 
with a very load and long-^ontinned snbterranean noise. The 
inhabitants of Caraccas wandered into the country; but the 
villages and farms having suffered as much as the town, they 
could find no shelter till they were beyond the mountains cu 
Lios Teques, in the valleys of Aragua, and in the Llanos or 
savannahs. No less than fifteen oscillations were eCten felt 
la one day. On the 5th of April there was almost as violent 
an earthquake, as that which overthrew the capital. During 
several hours, the ground was in a state of perpetual undula- 
tion* Large masses of eartli fell in the mountains; and 
enormous rocks were detached from the Silla of Caraccas. 
It was even asserted and believed thjAt the two domes of the 
Silla sunk fifty or sixty toises y but this assertion is founded 
on no measurement whatever. 

While violent commotions were felt at the same time in 
the valley of the Mississippi^ in the island of St. Vincent, anil 
in the province of Venezuela, the inhabitants of Caraccasy of 
Calabozo, situated in the midst of the steppes, and on the 
borders of tlieRio Apura,, in a space of 4000 square leagues,, 
were terrified on the 30th of April, 1812^ by a subterraneous 
noise, which resembled frequent discharges of the large&t 
cannon. This noise began at two in the morning. It was 
accompanied by no shock ; and, what is very remarkable, it 
was as loud on the coast as at eighty leagues distance inland. 
"It was every where believed to be transmitted througbftheair ; 
and was so far from being thought a subterraneous noise, 
that at Caraccas, as well as at Calabozo, preparations were 
made, to put the place into a state of defence against an 
enemy, who seemed to be advancing with heavy artillery. 
Mr. Palacio, crossing the Rio Apura near the junction of the 
Rio Nula, was told by the inhabitants that the .** firing of 
cannon'' had been heard as distinctly at the western extrc* 
mity of the province of Varinas, as at the port of La Gua^ra 
to the north of the chain of the coast. 

The day on which Uie inhabitants of Terra Firma were 
alarmed by a- subterraneous noise, was that on which hap- 
pened the erupliott of the volcano.in the island of St. Vincent. 
Xhia mountain, near five hundred toises high, had not thrown 
out any lava since tiie year 1718. Scarcely was any smoke 
perceived to issue from its top, when, in the month of May, 
1811, frequent shocks announced that the volcanic fire was 
either rekindled, or directed auew toward that part of the 
West Indies. The first eruption did not take place till the 
l$7th of April, 1812, at noon. It waa only an ejection oC 
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ashes, but attended with a tremeadoas none. On the 30tb, 
the lava passed the brisk of the erater, and, after a course 
of four hours, reached Ihe sea. The noise of the explosion 
resembled that of alternate disoharges of very large eannon 
and of mfisketry; and, what is well worthy of remark, it 
seen ied much louder at sen, at a great distance from tlie 
island, than In sif ht of land, and near the burning volcano. 

The distance m a straignt line from the volcano of St. 
Vincent to the Rio Apura» near the mouth of the Nula, is 
210 nautical leagues.. The explosions were eonsequently 
heard at a distance equal to that between Yesuvios and Paris. 
This phe no menon, eomiected with a great number of facts 
observed in the CordtHeras of the, Andes, shows how much 
more extensive the subterranean sphere of activity of a voK* 
eano is, than we are disposed to admit from the smali changes 
eifecled at the surface of the globe. The detonations heard 
during whole days togpetiier in the New Worid, 80, 100, or 
even 200 leagues distant from a crater, do not reach us by 
the propagation' of sound through the air; they are trans* 
mitted to us by the ground, llio little town of Honda, cm 
the banks of the Magdalena, is not less than 145 leagues 
from Cotopaxi ; and yet In tlie great explosions of this \oU 
eano, in 1744, a subterraneous noise was heard at Honda, 
and supposed to be discharges of heavy artillery. The monks 
of St. Francis spread the news, that the town of Carthagena 
was bombarded by the English ; and the intelligence was be«, 
lieved. Now the volpano of Cotopaxi is a eone, more than' 
1800 totses above the basin of Honda, and rises from' a table- 
land, the elevation of which is more than 1500 toisea above 
the valley of the Magdalena. In the colossal mountains of 
Quito, of the provinces of Los Pastos, and of Popayan, cre- 
vices and valleys without number are interposed. It cannot 
be admitted, under these circumstances, that the noise coold' 
be transmitted through the air, or by the superior surface of 
the globe, and that it came from that point, where the cone 
and crater of Cotopaxi are placed. It appears probable, that 
the higher part of the kingdom of Quito and the neighbour- 
ing Cordilleras, far from being a group of distinct volcanoes,' 
constitute a single swollen mass, an enormous voleanic wall^ 
stretch from south to north, and the crest of which exhibits a 
surfoce of more than six hundred square leagues. Cotopaxi, 
Tunguragua, Antisana, and Pichincha, are placed on this 
same vault, on this raised ground. The fire issues sometimes 
from one, sometimes from another of these summits. The 
obstructed craters appear to be extinguished volcanoes ; but 
we may presume, that, while Cotopaxi or Tunguragua have 
only one or two eruptions in the oonrse of a century, the fire 
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k not y&m eontiiHMlly aetite under the towa oC Qylilo, WKltr 
Pichmcha and Imbabarn. 

Advancing toward the nortb^ we find, between tbe yeleano 
of Cotopaxi and tiie town of Honda, two other syHenu if mI- 
«Mc mmmUam, tbose of Loa Paatos and of Popayan. 11M» 
oonneetion of these lystems was manifested in the Andet in 
anincontestible manner b^ a phenomenon, wlddi I have 
afaready had oecasion to notice, ^ince the month of Novem- 
ber, 1796, a tMclc colomn of smoke hid issued firom the iroS- 
eano of Paste, west of the town of that name, und near tte 
valley of Hio Guaytara. The months of the volcano are 
latenJy and plaoed on its w;estem declivity, yet durfa^ three 
snccessive months the column rose so much higher than the 
^ ridge of tbe moantain, that it was constantly visible to the 
inhabitants of the town of Pasto. Th^ related to ni their 
ailonishment, when, on tbe 4th of Fehmai^, 1797, they eb- 
served the smoke disappear in an instant, without feeling any 
shock whatever. At that very moment, sixty-Uve leagues to 
the south, between Chimborazo, Tungnragua, and the Altar 
(Capac Uren,) the town of Riobamba was overthrown by tbe 
most dreadful earthquake of winch tradition has transmitted 
the history. Is it possible to doubt from this coincidence of 
phenomena, that tbe vapours issaing from the small apertures 
or ventanillas of the volcano of Pasto, had an influence on tbe 
pressure of those elastic fluids, which shook tbe ground of the 
kmgdom of Qnito, and destroyed in a few minutes thirty or 
foity thousand inhabitants t 

In order to explain these great effects of volcanic 
reactions^ and to prove» that the groop or system of 
the volcanoes of the West India Islands may some- 
times shake the continent, it was necessary to cite 
the Cordillera of the Andes* Geological reasoning 
can be supported only .on tbe analogy of facts that 
are recent, and consequently well authenticated: 
and in what other region of the globe conld we find 
greater, and at the same time more varied volcanic 
phenomena, than in that double chain of mountains 
heaved up by fire ? in that land, where nature has 
covered every summit and every valley with her 
wonders? If we consider a burning crater only as 
aa insulated phenomenon, if we satisfy ourselves 
with examining the mass of stony subskmces which 
it has thrown up, tbe volcanie action at tbe surface 
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of th« globe wHl appear neither very powerful nor 
very extensive. But the image of this action swells 
in the mind, when we study the relations that link 
together volcanoes of the same group; for instance^ 
tho&e of Naples and Sicily, of the Canary Islands, 
of the Azores, of the Caribbee Islands, of Mexico, 
of Guatimala, and of the table-land of Quito ; when 
we examine either the reactions of these different 
systems of volcanoes on one another, or the distance 
to which, by subterranean communications, they at 
the same moment shake the earth *. 

Such is M. Hnfliboidt'& history of the earthquake at the 
Caraccas : the following^ acooant of one nearer home, resem- 
bles the trembling of tlie aspin leaf in comparisoi] of that in 
the New World. 

Earthquake in the North of Scotland, in l5l6. 

15. On Tuesday, the 13th of August, at 25 
minutes past 10, p.m. (the evening being uncom- 
monly calm; the' thermometer at 6.0 degrees,, and 
the barometer at 2d.8,) a violent shock of an earth- 
quake was felt, extending from north-west io south- 
east, which lasted for about ten seconds. It was 
accompanied by a rumbling sound, which appeared 

* The following is the series of phenomena which M. Hum- 
l)oIdt supposes to have had the same origin : 

27th September, 1796. Eruption in the West India Islands. 
"Volcano of Guadaloupe. — November, 1796. The volcano of 
Pastd begins to emit smoke. — 14th of December, 1796. Ues^ 
truotion of Cnmana. — 4th of February, 1797. Destruction of 
Biobamba,— 30th of January, 1811. A ppearance of Sabrina 
l$1and, in the Asores. It increases particularly on the 15th 
of June, 1811.— May, 1811. Beginning of the earthf]uak€8 
in the Island St. Vincent, which lasted till May, l812.^J6th 
of December, 1811. Beginning of the commotioDs in the 
Valley of the Mississippi and the Ohio» which lasted till 1813. 
— Dece^mber, 1811. Earthquake at Caraccas. — 26th of M arch, 
1812. Destruction of Caraccas. Earthquakes which con- 
tinned till 181d.--30th April, 1813. Eruption of the volcano 
afSt. Vincent's r' and the same day, sabtenanean noises at 
Curaccas, and on the banks of the Apara. 
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at first to come from ood^roeatb, bat immediately 
afterwards resembled the sound of a coach and 
foar, driving full speed along a street; and in a 
second after, it appeared to come from Ibe roofs of 
the houses, and as if a number of persons were 
forcibly bursting open the doors. Dogs howled 
violently, and appeared sensible of something super* 
natural. In one house, two canary birds in a cage, 
were so much frightened, as to drop down dead^ 

The houses in many towit», ethook with great yiolence ; 
some were rent asander; cbimaeys were thrown down, win* 
dows and glasses were broken, and the pnblio and private 
bells added an incessant clangour to the general confusion. 

To the westward, the shock was very violent. At 
Inverness, the beautiful spire of the gaol and court- 
Louse was thrown about eight inches off the per- 
pendicular, for about twelve feet at the top,: and 
only supported from falling by a long iron rod, to 
which the weathercock is attached. 

Many chimneys were thrown down, ne fewer than 
seven in one court, and several houses rent from 
top to bottom. 

In the district of country west from Inverness, 
called the Aird, the shock was still more violent ; 
the houses of l*hopachy, BQgsey,&c. were completely 
rent from top to bottom. Fortunately, no lives were 
lost, but the families were obliged to leave them im- 
mediately. The east end of the old priory of 
Beemlv was likewise thrown down. 

At Fort George, the ramparts shook so violentlyi that the 
sentinels on duty at the main gate, conceived an attempt 
was made to force it open, and, under this idea, ohalleriged 
the supposed intruders. The range of front buildings occu- 
pied as the governor's, lieutenant-governor's, and the other 
staff-officers' houses, appeared to the soldiers on gn^rd to be 
bowed violently backward and forward, or, as one of them 
expressed it, to be shaken like a strong ash-tree in a violent 
storm. The sea appeared mnch agitated, and, at the ferry of 
Kessocy the boatmen, who were at the time crossing h, ex- 
perienced three violent waves, such as must have sunk ike 
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boftf h*d Hiere been any wind ; indeed th»y eonpei^ed they 
had run apon some sand-bank. 

Abovt one» a. m. a second, but sligbt, shock was expe* 
rienced ; but, from the hour» was only notieed by a few. 

The mercury in the barometer was much agrtated imme- 
diately after the earthquake, and a smail lire-ball was ob- 
served in the air, in a direction from north to south^ imme^ 
diatdy swceedinf it. 



SECTION IV. 

VOLCANIC ISLANDS, &C« 

Volcanic Island lately thrown up awtong the AleiH 

tiah Islands. 

16. A new volcanic island has been raised among 
the Aleutian Islands, not far from Unalaschka.. 
This phenomenon appeared in the midst of a storm,, 
attended with flames and smoke. After the sea was 
calmed, a boat was sent from Unalaschka, with 
twenty Russian hunters, who landed on thia island^ 
June 1st, 1814. 

They found it full of crevices and precipices. The snrfaee 
was cooled to. the depth of a few yards, but below that deptik 
it was still hot No water was found on any part of it. The 
vapours rising from it were not injurious, and the sea-lionv 
had began to take up their resideuce on it. Another visit 
was paid to it in 1815; its height wa^tlien diminished. It 
is about two miles in length ; tliey have given it the name of 
Boguslaw. 

Geological Account of the Island ef Jan Mayor. 

17. This r^note and desolate spot, situated in 
lat. 70° 49' N. and long, r* 25* W. was visited by 
Capt. Scoresby in Aug. 1817. On approaching-^ 
the first object which strikes the attention is the 
mountain of Beerenberg; which, rears its icy sununit 
to the height of 6840 feet above the level of the 
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sea. All file bk^h lands were covered vitb saow; 
aad the low lands in deep cavities still retained part 
of their winter covering down to the very margin 
of the sea. Captain S. observed three remarkable 
ice bergs, having a perpendicular bright of 1284 
feet. 

The bet«h wiis covered with a sand havuig the apbearanee 
of course gna-powder ^ being a mixture of Iron, sand» olivine, 
and aagtie. As he advanced towards the rocks, be found 
masaes of lava, bloel&a of burned clay, and masses of baked 
clay. He ascended to the smrnnit of a volcanic modntain 
IdCO feet above the sea, where be beheld a crater forming m 
basin of 500 or 000 feet deep. From thia emhienee, the 
coaatry In all dircctiona appeared bleak and rugged in the 
extreme ; — all indicated the action of Tolcanlc fire; the 
plants, were few in number ; the animals were blue foxes. 
He also saw the feet-marks of bears, and he thinks rein* 
deer; but few birds were seen. 

Geological Structure of St^ Vincent^e, one of the 

West JtHfia lelanda. 

18. St. Vincent*s, Kke all other volcanic islands,, 
is composed of a mixture of lava and cinders, in all 
proportions. South of Kingston, there appears to 
be more solid and porooa lava, and less cinders than, 
at the north. The Bay of Kingston has the ap- 
pearance of being the remains of an ancient crater^ 
the beds of lava inclining irregularly from the cen- 
tre, at a considerable dtp, as if they had been 
ejected from it. On every side, the roeks are ag« 
gregates of various kinds of roasted stones, cement- 
ed with cinders, and small atoms of scoria ; and 
though many of the rolled rocks neither bear strong . 
marks of fusion, nor resemble much recent lavas, 
yet they all have a family feature, and must he con- 
siderea of volcanic origin. A substance like horn- . 
blend, with feldspar imbedded in it, forms the prin- 
cipal part of these rocks, which vary in colour, from 
nearly black to grey, the feldspar being generally 
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crystalUzedy and frequently diaphsuions, passing 
through the porous or scorious rocks without indi- 
cations of having undergone much change. 

There are two principal modes by which the prodiictioii of 
cinders or ashes may be accounted for ; they may be thrown 
from the crater of a volcano daring an eruption of lava, and 
in that case they ctmsist of smaU pieces of scoiia, pumice, 
&c. and are placed in strata of iranous thioknesies and eo- 
lours, as if deposited by water ; or they may be ejected firom^ 
Tohsanoes nearly exhausted mixed with water and rocks, 
forming largo beds or currents of an aggregate, which is in 
time cemented, and wears the appearance of a breccia. A 
third mode is, perhaps, the eruption of lava into the sea, at 
the commencement of submarine volcanoes, when by means 
of the sudden cooling, the melted lava might crumble into 
small angular sand, and form beds of cinders. Trom King- 
ston to the north end of the island, the same alternation of 
cinders and solid lava obtains, forming steep precipices and 
narrow vallies, the wearing and excavation of which, by the 
mountain torrents, is facilitated by Ihc prevalence of the 
cinders which increase as you approach the SattfrierefA name 
given in the West Indies, to spots which indicate the remains 
of a subsiding volcano, and whence hot sulphuieous vapours 
are ejected through /tirii«ro/«, depositing sulphur, and con« 
verting Uie surrounding aluminous rocks into alum-stone, as 
at Soltatcrra near Naples. 

The fumerols of this Soufricre are at present extinguished, 
perhaps by the last irruption of cinders in 1812, when the 
orator threw forth a mixture of water, rocks, and cinders m 
a state approaching to ignition, resembling ?l current of lava ;: 
burning the woods, and filling all the channels of the little 
rivers that descend the mountain, and rising sometimes to the 
height of three or four hundred feet. Very fine cinders fell 
on the decks of vessels three or four hundred miles to wind* 
ward, supposed to have been carried by a counter curren.t of 
air, in the upper regions of the atmosphere. 

This irruption consisted of a great quantity of 
angular sand, the broken masses of roasted and vi« 
trifled rocks being mixed with loose angular pieces 
of all sizes, brittle, and crumbling under the ham- 
mer 

' Tliese imbedded rocks are, 1st. A rock resembling a small 
and middling sised grained granite,, roasted, wltb- diaphanous 
feldspar. 2nd, A gray rock, in plates, like gneiss^ but much 
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altered by the fire. 3d, A ieldspwr and homblend roek, the 
feldspar crystallised and diapbanous, with the appearance of 
having been roasted. 4th, A hornblend rock, crystalline, 
having a roasted ajipearance. 5tb, A dark coloured rock, 
with a eonchoidal, even, vitreoas fractsre, eontaining crystals 
of feldspar, some pieces so vitreous as to resemble pitch- 
stone, and porphyry running through all the gradations from 
a groy rock, scarcely vitrified, to a total vitrification,, and 
thence to a porous scoria, not unlike pumice, with transpa-^ 
rent crystals of feldspar, taking a deeper tinge of black iA 
proportion to the degree of vitrification. 6th. A blnish rock 
with feldspar, and some black orystids, hating all the ap- 
pearance of compact lava. 

If we suppose that volcanic action tends to 
form large cavities nncler the places whence the lava, 
&c. issues, and that one, or more, of thes^ cavities, 
where the combustible materials are exhausted, be^ 
domes filled with water, while other cavities, where 
these materials still remain, are filled with lava, &c. 
it would appear only necessary to unite the contents 
of two such caverns to produce all the efifects of aa 
irruption of cinders. 

Island of Ischia, near Naples. 

1&. To the most superficial observer, the surface 
of this island exhibits die effects of fire, and vol* 
canic productions ; besides many craters, long ex- 
tinct; €uid strata of lava, in different stages of ve- 
getation. The lava of the most recent eruption, in 
1301, even now bears only a few scattered blades of 
grass, and some weeds. Hence we may judge how 
Sowly nature operates on this hard substance, wtien 
not assisted by the soil washed down from the decli- 
vities of mountains, or wafted by the wind. If we 
examine the many craters with which this spot 
abounds, particularly the large crater between Is- 
chia and Testaccio, close to the side of the road ; if 
we next turn our view to the adjoining mountains, 
at present covered with a deep soil, and clothed 
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with wood, we may calcalate the high antiquftji, not 
only of such eruptions, but of the globe itself. 

Indleed, amidst tbe varions evideiices which bave been ad« 
daced by those anthofs who haTe chosen to controvert tbe 
^nerai opinion on tbe supposed age of tiw world, none seem 
to carry more force than those deduced frcMU the investigation 
of volcanic matter. Nor are these evidences founded on 
mere conjectare; for the dates of many eruptions are known ; 
and, by tracing Hie strata of lava, and tbe marine bodies in* 
terspersed, and comparing the relative progresa of v^etaUoa 
over each; we may draw a very probable conclusion fai regard 
to the age of the more remote ; and, perhaps, may be induced 
to give the world a higher degree of antiquity than is com* 
monly admitted. 

For nearly five centaries this island has ceased to 
exhibit any volcanic eruption; but the numerous 
hot springs, which continue to emit their vapour, 
prove that subterraneous fire still exists. Besides 
these warm springs, however, there are others of an 
opposite nature ; and from the same mountain which 
produces the sulphureous and medical waters, a cold 
spring issues, oi the purest quality, and is conveyed 
by aqueducts to the town of Ischia. 

The lofty mountain now bearing the name of St.. 
Nicolo, is the Epopeus of the classic writers. 

Like JBtna, it may be divided into three regions ; 
the lower cultivated, the middle clothed with rich 
groves of oaks and chesnuts, and the upper bleak 
and barren, producing only a few low shrubs and 
dwarf trees. 

It is not» however, without inhabitants; for, on this aerial 
summit, some hermits have fixed their abode ; and no ancho- 
rite certainly ever selected a more appropriate spot Exalted 
above the dwetltngs, as they profess to be above the passions 
of men, they may look down with an eye of indifference on a 
prodigious expanse of territory, thickly dotted with towns and 
vilhigef ; and, contrast their homely fare and tranquil situa- 
tion with the cares and troubles whidi attend the wealth and 
luxury of the world beneath: 
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Captain TUlardTs Account of the Vokanie Island 

of Sabrina^ 

AppixMichiiig» says he» the island of St. Miokaels, 
on Sunday^ June 12, 1811, in his Majesty's sloop 
Sabrina, under my command, we occasionally ob« 
served, rising in the horizon, two or three colomns 
of smoke, such as would have been occasioned by 
an action between two ships, to which cause we 
universally attributed its origin. This opinion was, 
however, in a very short time changed, from the 
smoke increasing and ascending in much larger 
bodies than conld possibly have been produced by 
such an event; and having heard an account, prior 
to our sailing from Lisbon, that in the preceding 
January or February a volcano had barst out within 
the sea near St. MichaeJL's, we immediately con- 
cluded that the smoke we saw proceeded from that 
eause, and on our anchoring next morning in the 
road of Ponta del Gada, we found this conjecture 
correct as to the cause, but not te the time; the 
eruption of January having totally subsided, and 
the present one having only burst forth two days 
prior to our approach, and about three miles distant 
from (be one before alluded to. 

Desirous of exafnining as minately as possible a content 
tton so extraordinary between two sdch powerful elements, 
I set off from the city of Ponta del Gada on the morning of 
tke 14th, in company with Mr. Read, the Consul General of 
the Azores, and two other gentlenien. After riding about 
twenty nttes across the N.W. end of the island of St. Mi« 
chad's, we eame to the edge of a diff, from wheaoe the vol- 
cano barst suddenly upon our view in the most terrific and 
awliil gTaadear. It was only a short mile firom the base of 
the cliff, which was nearly perpendicular, and formed the 
margin of the sea ; the eliff being, as nearly as I oonld judge, 
from three to four hundred feet high. To give vqu aa ade- 
qaate i^a of tlie scene by description is far beyond my 
powers ; but for your satisfaction I raall attempt it 

Imagine an immense body of smoke rising from the sea, 



44 Geohgical Phenometm* 

tbe snrface of nvbich was marked by tbe silvery rippling of 
the waves, occasioned by the light and steady breezes inci- 
dental to those climates in summer. In a quiescent state, it 
bad the appearance of a circular cioud revolving on the water 
like an.liorizonlal vrbcel, in various and irregular in volutions^ 
expaniiing itself gradually on the lee side, when suddenly a 
column of the blackest cinders, ashc9, and stones would shoot 
up in form of a spire at an angle of from ten to twenty de- 
grees from a perpendicular line, the angle of inclination being 
.universally to windward : this was rapidly succeeded by a 
second, third, and fourth, each acquiring greater velocity, 
«nd overtopping the other till they had attained an altitude 
as much above the level of our ey«, as {he sea was helow it. 
As the impetus with vrhich the columns were severally pro- 
pelled, diminished, and their ascending motion had nearly 
ceased, they broke into various branches resembling a groupe 
of pines, these again forming themselves into festoons of 
white feathery smoke in the most fanciful manner imag;in- 
able, intermixed with the finest particles of falling a^es, 
which at one time assumed the appearance of innumerable 
plumes of black and white ostrich feathers surmounting each 
other; at another, that of the light vravy branches of a weep- 
ing willow; .. 

Daring these bursts, the most vivid flashes of 
lightning continually issued from the densest part of 
the volcano ; and the cloud of smoke now ascending 
to an altitude much above the highest point to which 
the asbes were projected, rolled off in large masses 
of fleecy clouds, gradually expanding themselves 
before the wind in a direction nearly horizontal, and 
drawing up to them a quantity^ of water-spouts, 
which formed a most beautiful and striking addition 
to the general appearance of the scene. 

Tliat part oi the sea where the volcano was si- 
tuated, was upwards of thirty fathom3 deep, and at 
the time of our viewing it the volcano was only four 
days old. Soon after our arrival on the cliff, a pea- 
sant observed he could discern a peak above the 
water: we looked, but could not see it; however, in 
less than half an hour it was plainly visible^ and be- 
fore we quitted the place, which was about three 
hours from the time of our arrival, a complete crater 



Volcanic Islands. 4S 

was formed above the water, not less than twenty 
feet high on the side where the greatest qaantity of 
ashes fell; the diameter of the crater being appa- 
rently about fonr or five hundred feet. 

The great eruptions were generally attended with a noise 
like the continned firing of canoon and musquetry intermixed, 
as also with sligiit shocks of earthquakes, several of which 
haring been felt by my companions, but none by myself, 1 
had become half sceptical, and thought their opinion rose- 
merely from the force of imagination ; ^but while vre were 
sitting within five or six yards of the edge of the cliff; partak- 
ing of a slight repast which had been brought with us,, and 
were all busily engaged, one of the most magnificent bursts 
took place wnlch we had yet witnessed, accompanied by a 
very severe shock of an earthquake. The instantaneous and 
involuntary movement of each was to spring upon his feet, 
and I said, ''This admits of no doubt/' The words had 
scarce passed my lips, before we observed a large portion of 
the face of the cliff, about filly yards on our left, falling, which 
it did with a violent crash. So soon as our first consternation 
had a little subsided, we removed about ten or a dozen yards 
farther from the edge of the cliff, and finished oar dinnen 

On the succeeding day, June 15th, having the 
consul and some other friends on board, I weighed, 
and proceeded with the ship towards the volcano, 
with the intention of witnessing a night view; but 
in tiiis expectation we were greatly disappointed, 
from the wind freshening and the weather becom^ 
ing thick and hazy, and also from the volcano itself 
being clearly more quiescent than it was the preced- 
ing day. It seldom emitted any lightning, but oc- 
casionally as much flame as may be seen to issue 
from the top of a glass-house or found ery chimney. 

On passing directly under the great cloud of 
smoke, about three or four miles distant from the 
volcano, the decks of the ship were covered with 
fine black ashes, which fell intermixed with small 
radn. We returned the next morning, and late on 
the evening of the same day I took my leave of St. 
Michaers to complete my cruize. 

Returning again towards St. Michael's on the 4th 
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of July, I was obliged, by the state of the wind, to 
pass with the ship very close to the island, which 
was iK>w completely formed by the volcano, being 
nearly the height of Matlock High Tor, about eighty 
yards above the sea. At this time it was perfectly 
tranquil; which circumstance determified me to 
land, and explore it more narrowly. 

I left the ship in one of the boats, accompanied 
by some of the officers. As we approached, we 
perceived that it was still smoking in many parts, and 
upon our reaching the island, found the surf on the 
beach very high. Rowing round the lee side, with 
some little difficulty, by the aid of an oar, as a pole, 
I jumped on shore, and was followed by the other 
officers. We found a narrow beach of black ashes, 
from which the side of the island rose in general too 
steep to admit of our ascending ; and where we 
could have climbed up, the mass of water was much 
too hot to allow our proceeding more than a few 
;^ards in the ascent. 

The declivity below the surface of the sea was 
equally steep, having seven fathoms water scarce 
the boat's length from the shore, and at the distance 
of twenty or thirty yards we sounded twenty-five 
fathoms. 

Fr<Hii walking round it in aboit twelve minutes, I should 
judge that it was sometliing less than a mile in circum- 
ference; but the most extraordinary part was the crater, the 
mouth of which, on the side facing St. Michael's, was nearly 
level with the sea. It was filled with water, at that tim,6 
boiling, and was emptying itself into the sea by a smaU stream 
about six yards over, and by which I should suppose it was 
continually filled again at high water. This stream, close to 
the edge of the sea, was so hot, as only to admit the finger 
to be dipped suddenly in, and taken out again immediately. 

It appeared evident, by the formation of this part of the 
island, that the sea had, during the eruptions, broke into the 
crater in two places, as the east side of the small stream was 
bounded by a precipice, a cliff between twenty and thirty 
feet high forming a peninsula of about the same dimensions 
in widths and from fifty tp sixty feet long, connected with the 
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other part of the uland faj a narrow ridge of ciadtn and 
lava, as an isthmus of from forty to fifty feet in length, frop^ 
which the crater rose in the form of an amphitheatre. ^ 

This diff, at two or three miles distance from the island, 
had the appearance of a work of art resembliog a small 
fort or Moek'house. Tht top of this we were determined, if 
possible, U> attain ; but the difficulty we had to encounter in 
doing so was considerable ; the only way to attempt it was 
up the side of the isthmusi, which was so steep that the only 
mode by which we could effect it, was by fixing the end of 
an oar at the base, with 4he assistance of which we forced 
ourselves up in nearly a backward direction. 

HavBig reacl^d the summit of the isthmus, we found ano- 
ther difficulty, for it was impossible to walk upon it, as the 
descent on the other side was immediate, and as steep as the 
one we had ascended ; but by throwing our legs across it, as 
would be done on the ridge of a house, and movingt>orselves 
forward by our hands, we at length reached that part of it 
where it gradually widened itself and formed the summit of 
the cliff, which we found to haye a perfectly flat surface, of 
the dimensions before stated. 

Judging this to be the most conspicuous situation, we here 
planted the Union, and left a bottle sealed up containing a 
somll account of the origin of the island, and of our having 
landed upon it, and naming it Sabrina Island. 

Within the crater I found the complete skeleton of a guar^ 
fish, the bones of which being perfectly burnt, fell to pieces 
upon attempting to take them up ; and by the account of 
the inhabitants, on the coast of St. Michaers, great numbers 
of fish had been destroyed during the early part of the erup«- 
tion, as large quantities, probably suffocated or poisoned, 
were occasionally found drifted into the small inlets or bays. 

The island, like other volcanic productions, is composed 
principally of porous substances, and generally burnt to 
complete cinders, with occasional masses of a stone, whicb 
I should suppose to be a mixture of iron and lime stone. 



SECTION V. 

«IXED PHEIfOMBNA. 

New Island formed in the Bay of Bengal. 

20. A new island has been lately formed in the 
upper part of the Bay of Bengal, by a rapid accre- 
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tion of the allavion or soil, made along the shores of 
the large rivers of the Indian continent. The island 
is nothifig at present but a sand-bank ; but it is con- 
tinually receiving such additions as 'will gradually 
render it a spacious tract. It was not visible four 
or five years ago, and it was only discovered, toge- 
ther with the canal, by vessels trading to Saugur, 
about the latter end of 1816. 

The situation is 21° 35' of latitude, and 88<^ 20' of longi- 
tude east of Greenwich. This position is precisely that 
which has been indicated in the maps as the bank of Sangar, 
at the eastern extremity of the upper part of the island of 
that name. Its formation between the mouths of the Flougly 
and the canal of the bay, may well enough account for its 
ori^n. There IxJing two considerable mouths of rivers, with 
rapid currents rushing into the soa, both east and west, these 
must have long been a submarine agglumeralion, which has 
now risen above the surface of the ocean, and must increase 
under the protection of the continental lands that lie between 
those two arms of the Ganges. 

Tiiis island (which has been named Edmonstone,) 
is about two miles in length from east to west, and 
half a mile wide from north to south. At the western 
extremity are little elevations that command a view 
of the sea. The centre of the island rises high 
enough to afford shelter, except during the violence 
of a tempest. The southern shore consists of a fine 
but solid sand, with a gentle declivity ; one of its 
bays lies very convenient for sea bathing. 

The north coast is much intersected with bays and long 
slips of land, which, with other accretions that appear at low 
water, form a line of soil in the middle of the canal, that se- 
parates the island from Saugur. This canal is about four or 
five miles wide but very shallow; there is every reason to 
conclude, that in a few years, it will be completely stopped 
up and that the Isle of Edmonstone will compose the southern 
extremity of the continental peninsula. 

Situations like this form a proper subject of spe- 
culation for the philosophic mind,, to trace the pro- 
gress of such a soil, in raising a substratum that 
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will hereafter fumish subsistence for animals and 
vegetables. 

Here the operations of nature are in tbeir infancy, a grow- 
ing assemblage^ consisting of allnvionSy trunks, branches, 
and leaves of trees, with seeds, and other materials, brought 
by the winds and waves from the opposite coast, and iGnally 
deposited by the reflux. They may be seen floating in im- 
mense masses In the canal, and may be considered as tri- 
butary ofieringrto the new creation. Hie quantity of wood 
conveyed hither in this manner is so considerable, that some 
of the barges that bring fuel from the Sunderbundji prefer 
touching at the Isle of Edmonstone, to load with the frag- 
ments that lie scattered there. The wood and the leaves 
become decomposed by time, and farnish a supply of soil 
proper for vegetation. As to the seeds, they appear to retain 
their vital quality, and will grow spontaneously in the sands, 
wherein even branches will occasionally take root 

In some parts the island is covered with the dung^ 
t>f birds, which becomes manure for the soil. My- 
riads of small crabs cover the northern coast, and 
their visits are productive of some utility. 

The central part of the island looks at a distance like « 
green lawn, dazzling to the view : herbage has taken root 
here, and there are a number of tufts of long cass (saccharmn 
tfonianeum) that thrive very wcAL Several little trees and 
shrubs are also visible, among which are the date matdiy, and 
profuse scatterings of the aeiOT morinda, the large grains of 
which are of a triangular form. There is a pretty large quan- 
tity of purslain, (/lor^u/acca oleracea;) also a kind of bean. ^ 
' But the principal plants, and indeed the pripcipal contri- 
butors to tiie whole formation, ar^ the ipomea or pig caprce, 
and the taUola; both are found in great abundance. Thb 
former iq[>pears to be in a soil exactly suited to it, and tfa»>ws 
a prodigious lustre on the centre of tiKj.islancU ., > ^ , 

A number of creeping plants strike* deep roots into the 
Sand, and, spreading several yards over the surface bf'tl{e 
soil, help to keep the sand cemented; a new layer of sand ^ 
cpming over this, the shoots pierce through and cover it again, 
so tiiat it is no longer at the mercy of the winds. There is a 
prbgressive accumulation of these roots^ which ramble in all 
directions ; new branches are constantly crossing each other, 
80 as to form a compact sort of lattice-work : &us the sand 
becomes a solid aggregate, and capable of retaining the fresh 
layers that spread over it 

VOL. I. t> 
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In Shorty the soil hia every appeluunoe of beeoiil}i% W^ll 
adapted for all the purposes of vegetation ; and tiiefelean be 
little donbt that what is now the sandy base of the Isle of 
Edihdnstone, Will hereafter contain produce like tiie heigh- 
■Btturlhg islands dnd continent 

At present the inland is only visited by wo6d-cu(ters and 
'filihernieny who histve raised two huts on it in honour of ^iVa, 
an Indian divinity and the third persdn of their Trinity. 
There is no vestige of any other habitation. The canal that 
separates the island from Saugur is well stocked with fish of 
dffferefat descriptions; and the soufhern shdre is frequented 
by tdrtoises. 

« . . . ■ 

Sinking of a Hill in the^ State of New Yort» 

21. On the 1st of June, 1796, a remarkable phe- 
nomenon occurred in the vicinity of the town of 
Katskill, in the State of New York. The country 
in the neighbourhood is a succession of little hills, 
or rather small elevations, detached from each other, 
and bnly connected a little at their bases. One of 
these hills, the nearest to Katskill Creek, and ele- 
irated about 100 feet above the level of the creek, 
suddenly suffered a sinking of more than half its 
declivity. It might have measured about 150 feet, 
from its summit to the extremity of its base, follow- 
ing the line of inclination. A breadth of abotlt 
eighty fathoms fell in, beginning at about two Or 
thtee fathoms from the top. The sunken part gave 
way . all of a sudden, and fell so perpendicularly 
that a flock of sheep feeding on the spot, went 
down with it without being overturned. The trunks 
of trees that remained on it in a half rotten state, 
were neither unrooted nor even inclined from their 
former direction, dnd now stand at the bottom of 
this chasm, of above four acres in extent, in the 
same perpendicular position, and on the same soil. 
However, as there was not sufficient space for all 
this body of earth, which before had lain in a slope^ 
to place itself horizontally between Hie two parts of 
the hill that have not quitted their station, some 
parts are cracked, and as it were furrowed. 
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'HM, a mi>r& cttsUdng circamstance is, tliat tiie lower part 
of the. hoi, .which has preserved its former shape, has been 
|H]«hed.and thrown forward by the sinking part making itself 
room ; 'that its 'base^Rs advanced five or six fathoms beyond 
a «iBall49ViJlet, which beforeflow^d at ;the distUBce of above 
ten Mh^tns ^m it ; >aad that it has even > entirely topped 
the oonrae of its ^itreain. The ^greatest elevation of the 
chasm is about fifty or sixty feet ; in its sides it has disco- 
veied a blue eatth, exhibiting all the characteristics of marl. 
In some 'of >the strata of ^tbe'Uairl.is found sulphate of lime 
ID niniite.eji^stals. The sinking of the hill niado j9o<little 
'MMse, as^net.tobe heard at the proprietor's house at the dis- 
tance of 300 fathoms, nor at the town, which is separated 
from the hill only by tlie narrow stream of the «reek. 

Subterranean Lakes. 

^22. In the canton Of Bresse, in Burgundy, there 
are two subterranean lakes, Which often orerflow in 
tiflies of the^reatest drought, and lay a' large tract 
of groQBd'imder iwater ; one :of them has no appa- 
rent spring or opening, and yet in a dry season it 
throws out water enough to overflow t)ie meadow- 
land near it. The grottoes of caves of Arcy are 
seated abont eighteen miles from Auxerre, and over 
them is isoil about ten feet deep. The entrance.into 
these caves is 200. paces long, but narrow. 

There are arebes which Ibiaa several vaults, from whenoe 
drops clear water, which turns into a brilliant hard stone. 
Twenty paces from the entrance is a lake, which seems to be 
formed hy that • part of- the water that will not petrify. The 
highest of the vaults is not above eight feet. About eighty 
pace» from the entraaoe' there is a kind of hall, with a coffee 
coloured cefling, wherein thereace.a thousand odd figures, 
which have a very agreeable effeet. 

'J 
SECTION YI. 

NATURAL BRinOBS, &rC. 

Natural Bridge in Virginia, North America, 

23. This bridge is* described by Mr. Jefferson in 
his State of Yirgiaia. It commenoesat the ascent 

d2 



52 Geological PhenomeTM. 

of "a hill, which seems to have been cloven asander 
by some convulsion of nature, the fissure at the 
bridge is by some measurements said to be 270 
feet, by others only 205; width at bottom forty- 
five feet, at top ninety, which gives the length of 
the bridge ; the thickness at the summit of the arch 
is forty feet ; a considerable part is of earth, npoii 
which grow many large trees, the residue is of the 
same materials with the hill on both sides, which is 
a solid lime-stone rock, and forms the arch, which 
is of a semi-elliptical form, very flat. 

The beight of this arch aboye the water (the whole being 
205, and forty the thickness) is 165 feet, the breadth at the 
middle is about sixty foet. It has no ledges, bat what is 
formed on some parts by the rock, but eyen at these few 
can stand upon their feet to look down, but go on hands and 
feet to peep oyer. On the contrary, tiie yiew from below is 
most deligntful, and enchanting. The fissure continuing 
narrow and straight, both above and below, and .of such 
height that it exhibits a prospect for about fiye miles ; giyes 
a short but very pleasing yiew of Blue Ridge on the one 
side, and North Mountain on the other; the stream' that 
passes below it, is called Cedar Creek, and falls into James's 
river. The bridge is in the county of Rockbridge, to which 
it ha^ giyen the name. We haye no account of the time 
when it was produced. It has, hbweyer, formed a passage 
between two mountains otherwise impassable. 

Natural Bridge of Angaraez, South America* 

24. This bridge is described by Don Ulloa. It 
is from sixteen to twenty-two feet wide. 111 feet 
deep, of breadth 1^ of a mile, and is not sensibly 
greater at top than at bottom. Don UUoa thinks 
it has been effected by the wearing of the water 
which runrtelow it ; if so, it would have worn down 
plain and smooth, or most on that side on its de* 
scent, where the rock was of softer materials ; but 
he informs us that the cavities on the one side, i^ere 
equally hard, and tally with protuberances of the 
other, that if they met they would fit in all theii 
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itidentares so as to leave no space void ; from which 
we are rather inclined to conclude, that it has 
been formed by some violent convulsion of natare. 

In comparing the two, although we find in the bridge in 
Yirginia, the same qnaHty of rock on both sides, and with 
the bridge itself, we do not find the protuherances on the one 
side answering to the cavities of the other ; if any such have 
been, the protuberances mast have been effaced by time. 

Causes of the Crystalline Forms of Minerals* 

25. The great variety of forms which.the same mine- 
ral species is known to assume, has drawn much of 
the attention, and occasioned the most laborious 
part of the investigations of mineralogists. The 
known forms of calcareous spar exceed 600 ; and 
perhaps those of iron pyrites »ud of some other 
species, if they were fully examined, would not be 
found much fewer. Jioblanc was the first modern 
chemist that attempted to account for this diver- 
sity ; but the progress which he made was incon- 
siderable. The subject has lately been taken up by 
M. Beudant, who has published a most interesting 
and elaborate paper on the subject, the substance 
of which is as toUows : 

1. The state of the atmosphere, the greater or less rapi- 
dity of evaporation, the form of the vessel, its nature, the 
quantity of liquid, the state of its concentration, seem to 
have no effect whatever upon the crystidline forms which 
salts assume ; they merely influence their beauty and size. 

2. When the atmosphere is moist, the salts have a tendency 
to form crystalline vegetations on the edges of the vessel. 

3. Very dilute solutions, excluded from ^e air and pre- 
vented from evaporating, may yield crystals wler a longer or 
shorter interval of time. But this is particularly the case 
with those salts which have but little solubility. 

' ^ 4. The nature of the vessels, by exercising different attrac- 
tions on the saltSy occasions the crystals to depositthem selves 
more or less quickly, and to accumulate in different ways in 
different parts of the solution. If the vessels are covered 
with a coat of grease, the crystallization takes place only at 
the surface. 

B 3 
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d. The position m^ wiiicb the crystulf itre dei^siled in ik» 
midst of tk fiquid mass, has no other influence than that of 
producing more or less extension, of the crystal in one direc- 
tion, rather than another. The bounding faces are^ idways of 
tlie ttfttttlnitmber, and in the UMiai poMtien* 

6. Thm temperattfve and electricali state seem to havci no 
infliienoeoa' ^e Imiii» of ery^inh;, exbepiiBg tliat at faigb 
temperatoreserystaHiflatiott is- very irregpcdaiv and. tlM^aalne 
masses proidueed m^ very fraf^le. 

7. Substances in suspension, almost permanent in a saline 
solution, hnve no effect in varying the crystalline form. 
These substances are often deposited m theciTstalin con- 
centrated layers^ 

a Th« eryerlalliBalioH of a^ salt oumat take place i»the 
midst of a d^estt of foreign maUersdn verjf tw$ and umoIw* 
reni particles,, unless the deposit be covered ta a certain 
height by the liquid. Crystals, formed in these circum- 
stances, always contain a porticm of the forei^ matters 
which are found' disseminated mM>re op less regvkiply in th^ 
mass^ and ncPircf deposited ineonoentnc loyenu Whea. tiw 
solution ianot mnob eoncentrated, the ety&UllB arc alws^s of 
a simpler form and more regular than when they are crystal 
lized in a. pure litmid. When tiie solution is very concen- 
trated, isolated crystals are formed in it^ whose faces are 
ci^efised like the- hopper of a mill. "^ 

9. Tim erystaUiaatio^n of a salt smy tnke pkuce iq the midal 
of ageUtlaous mass without the necessity of any supernatant 
liquid. In that case the crystals contain none of tfavc foreign 
matter, and undergo no change of form ;. but they are al- 
most always isolated and remarkably reguUr attd compile ivt 
all theiir parts. 

10. When sevcKal salts are in solution in the sacue liquid, 
it would appear that they arc capable of mutually affecting 
one smother's cmtallizatioo, eveu when th^y ase not sua* 
ceptihle of nnitmg or acting chemicaQy upon each othen 
Thus common salt takes the tbrm of a cubo-octahedron whea 
it crystallizes in the midst of a solutiou of borax, or still beUer 
of boracic acid. 

11. The forms which the same salt is capsjbile oC^^suming, 
var^ accor4ing to ike nature of the liquid from which it is pre- 
cipitated. Thus alum assumi^s the euharoctabedral term 
wb^i it cr3[stidli;i:es in mtric acid, and the aub(viix)Sidiedral 
form when it cry&talliaes in muriatic acid* 

12* Whenever several salts are eapahle of mbuog chemi^ 
cally, that is to say, of uniting without entering into a deftr 
nite combinatioi^ that salt, whose system of crystallization 
predominates, always assumes particular forms wbisb differ 



from, th<>se wliidi it adapts when it is pare* Th^ djifei^)^ 
salts present Mewise in general, different forms in the same 
sjpsteili of orystaliization, according^ as they contain more or 
less. (tf add; i^fei the. doubls salts according as one or.othes 
of the o<^iiipmpt salts exist in move or les3 qfi^anMty. 

13.. llie 9nemi!pal action which, tends to d^termin/? a parti* 
cnlarform, by altering the composition of a silt, produces 
different effects according to its energy, and often gives 6c- 
canon at ao^ to several varieties of ciyi^tali. fkM the 
action of sm inM^hle carbonate upos^ iUm determines Ia 
thesanie solatip^.o^l^hedralofystals, cuix^octaheiAral ci^»-. 
talsy cobiiic cxy^UlB, and 9^ incryst^liizi^hle matt^i; wbicfe qon^i 
t^io^ still l^sks^cid, than the preceding. 

y^ When sinipla ci^stals of diff^ren^ i^ppa. belonjg^iiig t^ 
the sajiH^ saM ^e djsifipl^^ together in the liaine. liAiiid» IWP 
dilfefeut tbiiigis jf^y happen. If the ci^sjbMiia^jtion t^e» 
plflt^ slowlj', ih^ qi^yspah are deposited m succession and 
separately ; \m% ii tb^ crystalliasatipn be capid» a single, n^ed, 
ooQis^Qi^id is fonped) exhibiting crystals pa,rta]ung at oiice o( 
sfi t$^ dyyiTepB^at siniple fonos* The o^tahpdral and cubio. 
oryataia of aium. may unite ^^d con^^^i^ f^bo-octubedxal; 
ci^stals. 

15. Crystals of complex form may be sometiu>es: de^om- 
C0se4 into, s^^ra) simple forms by d^rent so).«tio9s and 
aH^cesfitve ajc^ orystalUzations. Thus, ouborocto-dodecahe* 
djr^l.i^AVi j(i^k^4 separate octahedronSy cubes, and Gubo>do^ 
^BOfrti^on^, 

ly^ Crystfila of 1^ certain form being put ij9^tp a splutioiii 
oC the same ii^bstanoe^ which gives naturally a differei^i for^m, 
e^of e^e by MditioBS a^cordij^g to this mw form* 

7%e Gianfs Causeway. 

S8. The Giantfs Causeway in the oountjr of Antrim ' 
in Ireland, is the most remarkable one of its kind 
in the world. The name of it may naturally convey 
to ns the idea of some stopendoias. w^k of art ; and 
aS'Such it seems to have been considered in the 
days of ignorance, when the name wbs first applied ; 
mod^JTO philosophy, however, looks pn it with ai dif- 
ferent eye;, To conceive a proper idea of this un- 
p.^jralleled curiosity, we may imagine aa approach 
to it from tte sep. : its first appearance is that of a 
bpld ?Q<jky ^hpjife, with e^^tensive rc^nges of shelving, 
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edcalated for an immense promenade. These rocks, 
however, instead of bemg disposed in laminae or 
strata, form basalts or angular colamns, so closely 
attached to each other, tibat, thoagh perfectly dis* 
tinct from top to bottom, scarcely any thing can be 
introduced between them. 

The columns themselves are not each of one solid stone in 
an upright position, but composed of several short lengths 
exaotly joined, not by flat surfaces, as in works of art, but, 
what is nu>st extraordinary, they are articulated into each 
other, as a bone is into its socket, the one end of the joint 
having a cavity into which the convex end of the opposite is 
exactly fitted : which is not yisible but by disjointing the two 
stones. The depth of the concavity is generally from three 
to four inches ; and what is still farther remarkable, the con- 
vexity and the corresponding concavity are not conformed to 
the external pentagonal figure of the column, but exactly 
round, and as large as the size of the column will admit. It 
is still further remarkable, that the articulation of these joints 
are frequently inverted. In some the concavity is upwards, 
in others the reverse. 

< The formation of this curious natural production has been 
accounted for by supposing that the whole body of the rock 
was once in a state of fluidity, being no other than the lava 
of a burning mountain ; that the prodigious mass cracked in 
its cooling into the forms which we now see ; that it may 
since in some measure have been deranged by earthquakes ; 
that these have swallowed up the volcano itself; and that 
the waters of the neighbouring ocean now roll over the place 
where it once stood. Those geologists, however, who have 
embraced the system of Werner, attribute aU these eflfeots to 
the agency of Water, 
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ImvMtise Caverns in Ireland* 



h 

V 



27. The vastly extensive caves of Ball^bnnnion, 
in the coanty of Kerry, are highly deserving of ex- 
amination. Several of these immense caverns are 
as yet unexplored^ and their inspection wonld make 
ample remuneration for the trouble of obtaining 
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access to them. They are sarromided by the most 
beaatifbl and roivantic scenery^ situated in the 
bosom of a country whose shores are washed by the 
waves of the vast At}antic«-the proudly towering 
cliffs give a grand and majestic appearance to this 
enchanting scene, the prospect from the summit of 
which exceeds the most glowing description; no 
just idea can be formed, even by imagination, of this 
singularly beautiful spot. On either side, a rich and 
vernal green delights the sight, on one a fruitful 
and well cultivated country ; and on the other, the 
heaving bosom of an immeasurable ocean, whose 
billows dash against its beach. Wave chasing wave, 
in quick succession, display the grandest and most 
magnificent exhibition of natural curiosities ; and 
the tremendously terrific roar is returned by ten 
thousand echoes from the clefts and hollows in the 
adjacent rocks. Descending from this charmiilg 
eminence, the next moment entombs the delighted 
observer in the bowels of the earth. 

The entrance to these caverns is at first easy, but after- 
wards attended with some difficulty on account of the pro* 
jections of the rocks at either side ; and the particles which 
time or some sudden convulsions of nature had removed from 
their situations, intercept the path. 

' Several of these subterraneous grottoes form the most splen* 
did chambers, and the effect produced by a lighted flambeau 
is indescribably beautifal ; the roofs,, ceilings, and floors, are 
of a brilliant and transparent crystal, pieces of which are pre- 
served by naturalists with the most pious care, and some of 
them hf^e declared it superior to the celebrated Derbyshire 
spar. *'^ 

' The discharging of fire arms, much practised in caves, is 
liere attended with danger, immense fragments of rock being 
frequently dislodged by the sudden report. Sounding a bur 
gle or a trumpet has a pleasing effect, and is considerably 
safer ; the tones are reverberated with a most agreeable mul- 
tiplication, until they '* in hollow murmurs die away.'' 

The caves are of great magnitude, and the passage, from 
the entrance to an excavation at the mouth of the bay, is^ 
about three miles, which is perfectly passable. 



28. In 8eptem1»«r 1816, Mr. Williams Unci C^ 
tain Maude^ of the ship Farourite, having mited 
4le site of the ancient city of Shabpoor, in (be pro^ 
vince of Fars (the aneient Fams) aceom^anted 
hj If eer Shnmsoodecin^ a predlatory chieftain^ wko 
from his phmdering mode of Hfe, had beceme 
well acquainted wi£ tilie hidden recearse^s of liie 
moontarnSy pointed out to their notice an extensive 
cavern containing a prostrate colossal figure, 

Tl)e cave is distant from Shahpoor three miles, on the opr* 
posite side of the river.. From the base of the motmtain, 
near the summit of which the excuysk^tm is made*, ne traces 
Df a cavern are discerniibie. The ascent 10 dBicuH, clneftjr 
from it» perpendicular beiifht. When tb« tr^veUexs had 
nearly reajched the top, they found themselves at the 
foot of an abrupt rampart,, about thirty feet high^ the depth 
of which, from its upper edge to the entrance of the cave to 
which it forms a le^ landing, was sixty foet. The entrance 
to the cavern is a ptein, rou^y hew*: aveh, three feet higk, 
and thirty-five feet wide, beyond which the heig)it increases 
to forty feet, and the width to sixty and seventy. 

The figure, which )» of stone, appears to have stood ori- 
ginally on a pedesial in the middle of this exeavation, hu^ 
was discovered lying en the ground, and the legs Velow the 
knees broken off. The eoetuflie appears tp be simiUr to tbe^ 
sculptures at Shahpoor, Nukshi, Roostum, and PersepoUs, 
s»d with the same faauriant ik>w of curled bale Its arms 
vest upon the hips, and the eostqme is a roj^, fastened by a 
smaH button at the neck, and blling loosely over the elbow«, 
and in this respect differs from the £^ulptares>u6t.nientionedi. 
The length of the face from the forehead to the chin is two 
feet three inches, «i>d tiie length of the body four ieet and a 
half. According to this measurement the whole figure must 
have been aJHMit ibjorteen feet high. From the stati^e, to the 
most retired parts of the cavem, the excavation isM»reasea in 
height and width. After passing down an inolined plane, 
ibr about twenty feet, and up an ascent of about fifty feet 
more, the travellers readied a dry reservoir, seventeen feet 
by seven wide, and five feet deep. Farther on, they be- 
gan to descend by torch light a low narrow passage in the 
rock, and reached another cavern, the roof of which was 
supported by a few huge shapeless pillars. The use or object 
of this excavation is not known* 



@«cnoN VII. 

C.QRALLI)^E STRUCXyEKS AND r^KTKlSAejlOffS. 

Tliie arrangement of tliese subjects nn^^ ene 
h^ is W «aati^nid ihm the CQAtrast tbey fona, 
aad ^e refleetkaia to wbiioh they Wa4« On th^ 
groandfl ^^e have classed as first in this seetiop 

Zeapkyiie, or CforaJKuB Sintctwi'e». 

29^ M« 4^ Pers^ooel of Marseille^i mad§ spine 
experiments «a ooral m^ pther marine bodies. 
These bodies, which the Gonnt de Maraigly iaia^ 
gined to be flowers, this ingenioas natoralist dise«* 
vered to be insects, inhabiting the caral. Mt Po« 
nati, of Tnrin, says, that eond is a wias of animals^ 
of the polype kind ; and, instead of r^re^^ntung 
the polype Deds ud cells^ which they contain^ a^ tb^ 
work of pelypes, he thinks it laQr^ JQst to say, that 
coral and other coraUine ^bodies, have the same re« 
lation to the polypes united to them, as there is 
betweep the shc^U of a snail and the snail itself; or 
the bones of an animaU ^A^ the animal itself. The 
same system h^ aUo been illustrated ^nd established. 
by Mr. Ellis. 

The Red Sea, the Indian and Pacific Oceans, abouit<| with 
corai. Througboat the whole range of the Polynesian and 
Aastr^laslaii lataids, tkere U scarcelv a leagme of sea imoc*- 
onpied h^ a conU veef or a oof al island ; the former sprin^ng 
np to the f iirlace of the water from the fhthopiless bottom : 
and the latter, in various stagei, from the low aad naked 
rock, with the water rippling over it, to an unintemipted 
forest of tali trees. ^' i hsYc seen/ s«ijs Mr, Palrymple, Hn 
his Inqairy into the Formation of Islands,) /' the coral benksi 
in all their stages, some in deep water, others with a fe\r 
rocks appearing above the surface, some just formed into 
islands, without the least appeapanee of Tegeta^co ; others, 
with a ftw weeds on the highest part ; lyid, lastly, such aa ai^ 
covered with large Imher, with a bottomless sea, at a pistoi« 
shot distance.'^ In fact, as ^oon as the edge of the reef is 
high enough X^ I»y hold of the floating sea wreck, or for a 
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bird to perch upon^ ihe island may be said to commeiice* 
The dung of birds, feathers, wreck of all kinds, cocoa-nuts, 
floating with the yoang plant out of the shell, are the first 
rudiments of the new island. With islands thus formed, and 
others in the seyeral stages of their progressive creation, 
Torres Strait is nearly choaked up; and Captain Flinders 
mentions one island in it covered with the pasuarina, and a 
variety of other trees and shrubs, which give food to pait)* 
quets, pigeons, and other birds, to whose ancestors, it is 
probable, the island was originally indebted for this vegeta- 
tion. The time will come> when New Holland, New Guinea, 
and all the little groups of islets and reefs to the north, and 
north-west of them, will either be united into one great con- 
tinent, or be separated only with deep channels, in which 
the strength and velocity of the tide may obstruct the silent 
and unobserved agency of these insignificant labourers. 

A barrier of coral reef runs along the whole of the 
eastern coast of New Holland ; among which (says 
Craptain Flinders,) we sought fourteen days, and 
sailed more than five hundred miles, before a pas* 
sage could be found through them out to sea. 

Supposing the sea were to change its bed, and to cover 
again the present continents (as it most probably will,) .what 
great ranges of hills and mountains will then appear the 
work alone of diminutive insects ! And, if the present islands 
and continents were once, for a series of ages, covered by 
the sea, (as the generali^ of the present geologists believe 
they were,) did these little poljrpes work in that sea ! If 
^ey did, where are their works ? Is it now lime-stone and 
chalk? 

30. The chalk hills of Dorset have nearly the 
same appearance as would the coast of New Hol- 
land, were the sea to forsake its bed, and leave the 
foundation of the coral reefs dry,, after the atmo- 
sphere and the rains' had decomposed and.pulve- 
rized,.their upper parts, and the debris had tumbled 
down their sides ; and were the sea again to fill our 
vallies, ships would find no anchorage at a 
pistol-shot distance from the sides of our chalk hills, 
sis is the case near the reefs of eoral. 

It cannot positively be said that chalk was formed by the 
coral insects ; hut many observations tend to inculcate thai 
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belief. The chalk is incumbeiit on a stratum of sand-stone, 
foil of shells, which was once the bottom of the sea^ before 
the chalk was formed; the sand-stone rests on a bed of 
sand, with a few shells : a little above the sand-stone, in the 
chalk, we find comua ammonis ; and it was easy for them to 
find their way there, when the reef had just begun forming. 
Higher up in the chalk, few shells are found, and generally 
single specimens. A stratum of flints is generally found in 
chalk ; but that may be accounted for by atoms of silica 
being at first mixed with the calcareous matter, and, in course 
of time, joined by the force of attraction, — as atoms with 
kindred atoms join. In the alluvial formation, on the banks 
of the Ohio, near Cincinnati, dificrent species of coralline 
are found, generally calcareous, now and th^n siliceous : the 
siliceous matter must, therefore, have entered, and displaced 
the calcareous, whilst in a dissolved state. We frequently 
find shells inclosed in flints : the flinty matter must have been 
once in a soft state, as the flint exhibits the exact form of the 
shell which it surrounds. The lime-stone formation, on the 
banks of the Ohio, is thought to be the largest lime-stone 
formation in the world, it is likely to be also the work of the 
marine polype. 

Formation of Strata at the Bottom of the Ocean* 

31. Solid materials are successively created upoB 
the bottom of the ocean, where they do not perish, 
bat accumulate in extremely large quantities. An 
examination of the strata of this planet, made with 
tolerable attention, would discover them to amount 
at this time, to about 7,700 feet, which is little les^ 
than one mile and a half in thickness, measuring 
from the surface to the formation of the slate stratum, 
only. 

The upper layers of all strata are softer than 
those which lie below ; the greater degree of infil- 
tration and compression which the lower strata have 
undergone, has rendered them more compact and 
hard ; and such parts of the layers as lie within the 
influence of the atmosphere are in a state' of de- 
composition. Much of such strata as contain frag- 
ments of marine shells have the appearance of being 
formed, partly by a new creation, and partly by a 
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jiom ftn«Bg«iieiit oi the ^ motfiriak of Istd Msk"^ 
trojed. 

The tjhe0 newly-created part is the natari^ produce of 
sli^U-r^sili e^nd corals ; the new arrangement is also the natur:\} 
result oi the cliffs along the coasts of all land being waslied 
dowu^ ibicat to pieces, and spread over the bottom of the 
ocean, the operation of spreading the earthy materials of 
foriner land over the bottom of the ocean, would generally 
piit shellfish to great inconvenience, and frequently bury 
some of them alive, when they would contribute towards 
the formation of new strata. These loose earthy materials,, 
mixed with the shells of fish and corals, buned in vast 
numbers, both dead and alive, and in every state of com- 
minutioja, would then be subjected to infiltration^ and the 
natural comiHression of a continued augmentation of si- 
milar materials, as well as of super-imposed strata; alt 
these things, continued for a very long time, have changed 
the loose materials into strata, and such seems to baye been 
the origin of all marl, chalky lime-stone, and ev^n marblc« 

All strata contain proofs in abundance that th^ir 
creation took place in a very slow and gradual man^ 
ner, whereof the lowest layer of slate is bedded upon 
either quartz or granite, and all the rest have been 
added in succession ; stratum mpor stratum^ fr^m 
the quartz or granite upwards to the surf^e. A 
very considerable proportion of these strata h^v^ 
unquestionably been created by the inhabitants of 
the ocean, though it must be adn^tted tbat sohi^ of 
the local strata (coals for instance) have b^td a v^ge^- 
table origin ; but the ocean has had the most \mr 
portant share in arranging these things* 

Our knowledge of the structure of this planet is mostlji 
confined to what we discover by an examination of its strata ; 
and these prove that, with the exception of coal, they are 
generally a marine production. Of this any person may 
satisfy himself, who will undertake the trouble of examining 
them 1b their natural situation, and view the speoiraens of 
nuneralogj in the several museums, for in these places, the 
proofs are before us. The strata of this planet have been 
examined from the surface downwards to the depth of about 
two miles, and the whole of that depth consists of ttratum 
ivper stratum ; and they show, in a way which cannot be oon« 
troverted, tbat they l^ave been formed one after another^ auo« 
cessively, from a great depth to the surface; or, iu other 
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It ki soppaMd to be weU nadeiratead, ov satisfac* 
ly prowls thai th«t work of ereatum begaa at 
eMtre of tk^ plaimi ; if 8o, all, or snarls w» the 
sDhaeqoflnt fof maUoQ is not more than oenld be acK 
camnlated by gravity smd tbe HiotiiNat of water, aided, 
kmmensdky ^M^, by such apparently feeble crea- 
tares as sbell-fish and corak; as k is bow kaown 
that flie component parts of the several strata mostly 
consist of sea-shells and corals the products of ani- 
mals who mo^t have lived ai^d died daring the time 
the seyerid strata were forming'^ 

From veiy early times, these creatures hare abounded at 
the bottom of the ocean, and they still continue to abound 
~tiiere; nay, they may be sqpposed to cover il; their iia;tu- 
tsd^y very great increase is calculated to have a vast effect, 
particularly, as on the extinction of life, their exuyiie are 
placed in a situation which renders them' nearly, or quite, 
imperishable. 

The sheHs and the corals continually accumulate 

upon eaoh ether, and they have actually accumulated 

until they have formed strata of very great thick* 

ness ; this could only have been done hy the ordi* 

nary generation and deatix of the animals, and it is^ 

obvious that this operation is so slow as to require 

an immeasurably long time to fbtrm strata of very 

great thickness. 

That strata, consisting in a very considerable degree of the 
shells of fish and corals mi^^ witJb sand and various sorts of 
earth, placed by tUo ocean where we find them, have accnr 
BMilated to a thickness of two miles, is supposed to be incon- 
troveitible; tliereforc our next inquiry should be, in how \ 
many years could this be done? This accumulation has been 
siq^poised to take place at the rate of about a foot in one 
hundred j^ears. Two miles are 10,600 feet, and that number, 
multiplied by 100, produces 1,056,000 years* as the time in 
which these animals, aided by the wav«s of the ocean, may 
have accomplished that vast work. 

Petrified Treee. 
93. On the south bank of the river Nortii Esk, a 
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sbort distance above the paper-mill at Penicnik, 
near Edinburgh, where the strata nsnally aceom^ 
panying the coal formation of this country are ex- 
posed, a large portion of the trunk, and several 
roots, of a fossil tree, are visible. It rises several 
feet above the bed of the riVer, as far as the strata 
reaches, and tb^ roots spread themselves in the rock. 

It appears as if the tree had actaally vegetated on the spot 
where we now see it. It is, where thickest, about four feet 
in diameter. The strata, in which the remains of the tree 
stand, are slate clay, and the tree itself is sand-stone. There 
is sand-stone below and immediately above the slate clay, and 
the roots do not appear to haye penetrated the lower sand- 
stone, to which they reach. Small portions of coal were ob- 
served where the bark existed, the form of which is distinct 
on the fossil. 

33. Whilst sinking a pit, in 1818, at Mr. Fen- 
ton's colliery, near Wakefield, Yorkshire, the work- 
men, having dug to the depth of eighty-six yards, 
came to a bed of coal two feet six inches thick, be-^ 
neath which they found a petrified tree, or rather 
plant, having no branches, standing upright, but 
rather inclining to the east. It was six inches dia* 
meter at the top ; but, as they sunk down, it in-^ 
creased to twelve inches, and at the depth of forty- 
two feet, seemed to branch out roots to another bed 
of coal six feet thick. 

The body was a grey sand-stone, coated round with a black 
carbonized matter one-tenth of an inch, -supposed to be its 
bark. 

A species of siliceous fossil wood, was found by a serjeant 
of artillery, who accompanied Captain Sabine, near the topi 
of a hiU in Hare Island, on the west coast of Greenland, in- 
latitude 70^ 26'. It had been a part of the trank of a pine 
tree, aboat four inches in diameter. The hill is in the interior 
of the island, about four miles from the shore, and is consi- 
derably more than 900 feet above the level of the sea. 

34. The situation of the petrified trees found in Rusi- 
sia, which, separated from their stumps, are found 
sometimes as much as fourteen feet under ground^ 
chiefly in marsbes^i proves tha.t they were overtamed 
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by yiolence^ and prostrated in the spots where they 
formerly stood erect. 

The bed of earth which covers them consists of sand and 
clay. Under diy sand, the wood is reduced to dast ; bat tile 
form of the tree remains visible, if the dust be removed care- 
fully. Under wet sand, the wood is found perfectly sound, 
with however a blackish colour. Only large oaks appear to 
have been torn op.by the roots. The trees which are partly 
petriiied, are found chiefly under a bed of potter's clay. The 
oaks which have not been petrified, on being exposed to the 
air, harden'considerably. It is remarkable, that these trees 
are frequently found in grounds where none of the sort now 
grow. Professor Kunizyn imagines, that these trees were 
thus prostrated and covered with earth by the same violent 
motion of nature, which, in the north of Russia, separated 
enormous masses of granite from their foundations, and car- 
ried them to a considerable distance. 

35. Mr. W. Chapman has commanicated to the 

Royal Society, an hypothesis, that coal is derived 

from the prolonged compression of beds, of peat. 

- The deepest peat-bogs are from thirty to forty feet ; and he 
finds, by calculation, that, if this mass was compressed, it « 
would be about equal to the strata of coal at Newcastle. Ue 
also traces the analogy between the timber or trees found in 
peat-bogs, and on the sea-shores of Northumberland, and 
the grit-stone found in the Canton mine at Newcastle. This 
stone, specimens of which have been sent to the British 
Museum, has the perfect form an4 appearance of trees ; and 
even itij apparent fibres are such as to leave no doubt of the kind 
of wood which had preceded the present sand or grit. The 
combustion which assisted the change of peat into coal, ho 
considers as having been efiected by means of the pyrites. 

Account of the Mammoth, or fossil Elephant y found 
in the Ice at the Mouth of the River Lena, in 
Siberia. 

36. Mammoths* and elephants* bones and tusks 
are found throughout Russia, and more particolarly 
in Easteri) Siberia and the Arctic marshes. The 
tusks are found in great quantities^ and are collected 
for the sake of profit, being sold to the turners in 
the place of the living ivory of Africa, and the 
warmer parts of Asia, to which it is not at all infe- . 



rior.. Ta^BMirds th<» end of Up^^ month of August, 
when the fishing season in the Lei^a is over, the: 
TuQgusiaQ3 g^pi^^y go to the peninsula of Tajpdat, 
where they employ themselves in hunting, and where 
the fresh fish of the sea offer them a wholesome and 
agreeable food. 

One day, their chief, Schumachof, perceiyed among the 
blocks of ice a shapeless mass, not at all Fesemblinj^ tii« 
large pieces of floating wood, whiob are commonly found 
t!^ere. The following year (1800) he found the carcase, of a 
walrus (trtlichechvs rosmarus.) He perceived, at the same 
time, that the mass he had before seen was more disengaged 
from the blocks of ice, and had two projecting parts, bat was 
still unable to make out its nature. 'Towards the end of that 
following summer (1801,) the entire side of the animal, and 
one of his tusks, were quite free from the ice. But the sunnr. 
mer of 1862^ which wa^ less warm, s^t^d more windy than 
eonunon, caused the ^aminoth to remain buried in the icey 
which had scarcely melted at all. At length, towards tiie 
end of the fifth year (1803,) the ardent wishes of Schnmadiof 
were happily accompl«^ed ; for the part of the ico between 
the earth and mammoth having melted more rapidly than the 
rest, the plane of its support became inclined, and this, enoi^ 
mous mass fell, by its own weight, on a bank of sand. 

In the month of March, 1804, Schumachof came to bis 
mammoth ; and, having cut off his horns (the tusks) he ex* 
changed them with the merchant BuUunof for goods pf th^ 
value of fifty rubles. 

Two years afterwards, a Mr. Adams, traversing these di^ 
tant and desert regions, found the mammoth still in the same 
place, but altogether mutilated. Wild beasts, such as white 
bears, wolves, wolverines, and foxes al:«Q fed upon it ; and 
lUe traces of their footsteps were seen around. The skele- 
ton, almost entirely cleared of its flesh, remained whole, with 
the exception of one fore-leg. The spine from the hei^d to 
the oscoccygio, one scapula, the pelvis, and the other three 
extremities* were still held together by the ligaments, and by 
parts of the skin. The head was covered with a dry skin ; 
one of the ears, well preserved, was furnished with a tuft of 
hairs. 

AH these parts have necessarily been injured in transport* 
ing them a distance of 7,330 miles ; yet the eyes have beeja 
preserved, and the pupil of the left eye can still be distin- 
guished. The point of the lower lip had been gnawed, and 
the upper one, having beeipi destiroyed, Uie teeth could be per-» 



ceiled. Tho hmm w/^ still in. tiio QFuniMQAy bnt i^peared 
dried up. 

According to the assertion of the Tiuigiisian cUe^ tlie 
animal was so fat and well fed, that its belly hung aown 
below the joints of the knees. This mammofh was a male, 
with a long mane on the neck, l^ut without tail or proboscis. 
The skiiL is of a dark gcey colour covered with a reddish 
wool, and black hairs. The dampness of the spot where the 
animal had lain so long, had, in some degree, destroyed the 
hair. The entire caroade wa^ ten feet 1^4^ and se?onteeit 
long, horn the point of tfa» nose to. th^ end of the tail, witb-* 
out inf^Jidfng the tusks, whi^ together weighed 960 pounds. 
The head alone, without the tusks, weighed 414 pounds. The 
place where he found the mammoth, is about sixty paces dis- 
tant from the shore, and nearly 100 paees from the escarp* 
ment of the ice from which it had faHen. This escarpment 
occupies exactly the middle between the two points of the 
peninsula, and is two miles long. The skeleton is now in 
the Museum of the Academy of Petersburg, and the skin 
still remains attached to the head and the feet. 

The preservation of the flesh of the mammoth, 
thfovigh a (oBg series of ages^ is not to he wondered 
at, wh«» we reeolleet the constant oold and frost of 
the" climate in which it was foond. It is a common 
practice to preserve meat and berries through the 
winter by, freezing tiiem, and to send ish, and all 
other provisions, annually at thai period, from the 
moflt remote of the northern prc^viQces« to. St. Pe- 
tersburg, and other parts of the em|ure. 

S7. In 1817, Dr. Mitchell assisted in disinterring 
the remains of a mammoth^ ^t Chester, fifty^four 
miles fiocn the city of New York, aboat u year ago. 
Since that time, the remans of another individual 
of this species have been found in a marsh, only 
thirty- two miles north. He also discovered another 
in the town of Goshen, Orapge County, within si^ty 
miles of New York, in a oieadow belonging to a 
Mr. Yelverton. The soil is a black vegetable mould, 
of an inflammable nature. It abounds with pine- 
knots and trunks, and was, abont thirty years ago, 
covered with a grove of white pine-trees. The 
length of the tooth was six inches, the breadth 



68 Geological Phenomena, 

tbree and a balf inches ; the circumference of the 
lower jaw^ including^ the tooth it contains, twenty- 
six inches ; the length of the jaw, thirty-five inches* 
38. In the same year were discovered in the parish 
of Motterton, in the Isle of Wight, bones which 
are supposed to belong to one of these stapendoas 
animals. Several of the vertebrse, or joints of the 
back-bone, measure thirty-six inches in circum- 
ference : they correspond exactly in form, colour,, 
and texture, with the bones found on the banks of 
the Ohio in North America. 

Also, in the parish of Nohhwood, on the north side of the 
island, the bones of the crocodile have recently been found 
by the Uev. Mr. Hughes of Newport. They seem to have 
belonged to an animal of that species, whose body did not 
exceed twelve feet in length. Their calcareous nature is not 
altered; but the bones of the mastodon (found on t^e south 
side of the island) contain iron. 

Si). A considerable quantity of bones of a large 
size, were lately discovered buried in the earth,^ in 
the neighbourhood of the village of Tiede, near 
Brunswick. They were examined by M. Dahne^ 
who appears to have distinguished parts of the ske- 
letons of five elephants. 

There were nine tasks among them, one of which was four- 
teen feet in length, another eleven, and many grinders, in 
which the enamel was arranged exactly as in the teeth of the 
African elephant. A complete head of a rhinoceros, with 
ihe-horn and teeth, was also found very little altered, and 
likewise the horns of two kinds of stags. Mr. Dahne, in 
endeavouring to account for this accumulation of bones be- 
longing to different animals, supposes that the animals exist- 
ed in immense islands ; that some great revolution of the. 
globe inundated their habitations, and forced them to the' 
highest spot for shelter from the waters ; that, the waters still 
rising, they all perished together, that the perishable parts of 
their carcases were carried away by the waters, and that an 
earthy deposition soon enveloped the bones, and left theni 
nearly in the state they are now fonnd. 

40. Accounts from the banks of the Mississippi 
state, according to Mr. Tilloch's Philosophical Ma- 
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gazine, that the mammath has been discovered ac- 
taally in existence in the western deserts of North 
America. 

• Acoording to the descriptions given of it, this Colossus of 
the animal kingdom is not carnivorous, but lives on vegeta- 
bles ; more particularly on a certain species of tree, of which 
it eats the leaves, the bark, and even the trunk. It never lies 
down, and sleeps leaning for support against a tree. It has 
rather the shape of a wild boar than of an elephant, an4 is* 
fifteen feet high. His body is covered by a hairy skin, and ' 
he has no horn. 

Ships found imbedded in the Earth, 

41. In the paper called the General Evening Post, 
for March the 17th, 1818, there is an account which 
iias been lately received at the Admiralty^ of an in- 
teresting discovery made in the south of Africa, 
about twenty miles north of Cape Town. Some 
persons, in digging, happened to strike upon what 
appeared a beam of timber ; but, tracing it, they 
found a ship deeply imbedded in the soil. 

A plank of it has accompanied the account of the disco- 
very to the Admiralty. Several other ships, at different 
times, and in different parts of the world, have been disco- 
vered beneath the surface of the earth. 

It |s recorded by Fulgosas, that in the year 1462, as some 
men were working a mine near Berne, in Switzerland, they 
found a ship 100 fathoms deep in tlie earth, with anchors of 
iron, and sails of linen, and the remains of forty men. 

Pairre Naxis relates a like history of another such ship 
having been found under a very high mountain. 

The Jesuit Eusebius Newcombergus, in his fifth book of 
Natural History, says, that near the port of Lima, in Peru, 
as the people were working a- gold mine, they found a sbip> 
on which were many characters, very different from onrs. 
Str^bo also relates, in his first book, that the wrecks of ships' 
have been found 375 miles from sea. 

Br. Plott, in his Natural History of Staffordshire, relates a 
story, that the mast of a ship, with a pulley hanging to ii, 
was found in one of the Greenland mountains. Is it to be 
supposed that these ships, which have been found beneath 
the surface of the eartli, were antediluvian ships ? If they 
were, (and mankind knew the use of ships before the flood,) 
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it is ncKt prob^le tfiftt M itiatiUittd, exeept Nctahtaiid his 
fWnify, woidd have^been drowned by a deluge of wdteHs. 

Is it not more probable, that Tiolent earthquakes, sifice the 
deluge, have heen the means of swallowing up these ships 1 
but tlie«ea miiat, ait>that time, have covered that part of the 
kind where they have heen found. 

In the year l746,'Gtelloa,ia!Bea^porttown in^Peru, <wva nio- 
lently shaken by dn'e&ithqiidke, and of dOOO^iohilbitantB only 
SOD Were saved. (The diea tolled in upon &e town in mp t m - 
tainous waves ; ^shipsof btyrden were'coiiveyed over the gar- 
rison walls ; and one ^hip, which arrived from Chili the pre- 
ceding day, was conveyed to the foot of themoimtaim, and 
left on dry ground. 

On thcVth'day of June, 1^03, tbe^town of f^tt^Royal, in 
Jamaica, was in two minutes totally destroyed by an earth- 
quake : Hiany ships were also swallowed up. 

The earthquake whidh visited Sicily in '109S, tbook the 
whole island, and ea^tended to Naples and Malta ; the city of 
Catania was 'destroyed, with 18,000 inhabitaqts : fifty-four 
cities and towns, besides mai^ villages, were either greatly 
ihjured or totally destroyed. The city of Catania was rebuilt, 
and is now again in ruins by the late earthquakes tiiat shook 
all Sicily. And on the first of November, 1765, Lisbon in 
iPortngal was also destroyed by an eatthquake: many ships 
in the harbour were also swallowed up, only their masts 
appearing above water : the sea suddenly rolled in like a 
mountain, ships were driven from their moorings, and tossed 
about with great violence. The same day that Lisbon was 
destroyed, Cadiz was violently shaken by an earthquake; 
and the inliablfants were yet more alarmed at the appear* 
ance of a wave coming towards the town at least sixty feet 
higher than common : it beat in the breast- work of the wills, 
and carried pieces of eight or ten tons weight forty or fifty • 
yards from the wall, and passed over a parapet sixty feet 
above the ordina'ry level of the water. 

St. Ubes, a sea-port town, twenty miles south of Lisbon, 
Was entirely swallowed up by the repeated shocks of this 
earthquake: in Africa, near Morocco, the earth opened, 
and swallowed up a village with 8 or 10,0tH) inhabitants ; 
Sal lee and Tangiers also fitSfered greatly by an inundation of 
waters. The same earthquake was fdt all over Spain: at 
Ayomonte, near where the Guadiana falls into the bay of 
Cadiz, the water came on in vast mountains, and laid under 
water all the coasts of the islands adjacent. The waters in 
many parts of Britain were greatly agitated at the- same 
time. At three quarters after six in the evening, on the 
same day that Lisbon was sunk, and about the time of- two 



hours' ebb of the tide, a great body of water rasbed up in 
Glamorganshire in Wales, accompanied with great noise, and 
m such quantity that it floated two yessels of 200 tons bur*' 
den each. 

At Kinsale, in Ireland, a great body of water rushed with 
such Violence into the hafbdUr^'ihat It droVIe tw6 Tdssels from 
iheit moorings. 

In Holland, th^ agitations wfere more remarklsibte : at 
AlphbB, on the Rhine, the waters w;ere agitated to such a 
violent degree, that buoys were broken from their chains, 
lai^e vessels snapped their cables, siVialler Ones were thrown 
out of the water upon the land, and bthers lying 6n'land Wette 
set afloat. This destructive earthquake extended over a 
tract of land of four millions of square miles. 

History records a tiumber of im^tutices of great 
inundations df the $ea on the land by^rthquaketi : 
die bottoin of the sea is first elevated by means of 
subterraneous fires before the elastic vapours can 
fiiid a vent ; and the sea, of consequence, must flow 
over the land, the depth in proportion to the eleva^ 
tion of the bottom of the sea. 

The master of an American vessel in north lati- 
tude 25^y at the time of the great earthquake^ 4aW» 
from his cabin window, laiid about a mile from his 
sbip ; but^ coming upon deck^ the lahd was qp more 
to be seen ; and he perceived a violent current cross 
the ship's way to the leeward. In aboat a minute, 
this current returned with great impetuosity ; and, 
at a league distance, he saw three craggy rocks 
throwing up water of various colours resembling 
fire; this phenomenon in about two minutes ended 
in a black cloud, Which ascended very heavily: 
after it had risen dbove Hie horizon no rocks were 
to be seen. No doubt, but many ships have been 
driven far inland, and swallowed up by the earth* 
quakes that followed the inundations of the sea; 
some of which, in course of time, may be acci- 
dentally discovered. 
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SECTION VIII. 

MOUNTAINS, SPRINGS, &C. 

As mountains are the usual source of springs, 
these subjects are accordingly classed under -one 
head; but with regard also to their novelty and the 
singularity which both bear in comparison of the 
beaten tract so often trodden by compilers of various 
merits, we place first a description of 

The Himmalayan MounttUns, 

42. The following relation and admeasurements 
«ure extracted from Mr. Fraser's and Lieut. Webb's 
notes, during excursions through these stupendous 
mountains. 

The plains of Hindostan are bounded on the 
N.E. by a mountainous track which runs from the 
banks of theBurrumpooter to the Indus, and, cross- 
ing that river, spreads out into a less circumscribed 
and less high-laud country, the chains of which are 
connected with many of the chief ridges of Asia* 
The belt of hills, which thus separates Hindostan 
from Thibet, is perfectly unconnected and running 
in irregular ridges, undivided by any valley of con- 
sequence from the on^ plain to the other. These 
mountains on the side of Hindostan, rise from a 
level at once into sharp and precipitous cliffs, while 
the north west side falls more gradually into green 
hiiis, and ends in a gentl3-sloping plain. 

The great Himalaya mountains form the centre 
of this ridge, and rear their sharp crests, covered 
by eternal snow, to an almost incredible height, in 
unapproachable, desolate grandeur. 

Jumnatra, the source of the Jumna, is estimated 
at 25,500 feet above the level of the sea. 

The general line of the mountains between the rivers Bba- 
girutta and Sutlej, U nearly N. W. and S. £. A small abrapt 
ridge, rising from 500 to 7^60 feet iti height, and extending 
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tt6m. three to six miles in breadth, runs next to the plains 
frooi Httrdwar,lialf way to the Sutlej. This consists of sand- 
stone, indurated clciy, and beds of roanded pebbles and 
gravel. The next range of hills runs frOm 1500 to 5000 
feePtin height, with sharp narrow crests, and consists of a 
vety decomposable greyish brown indurated clay, containing 
silioeons matter. Just beyond this range rises a mountain of 
lime-sftone, about 7000 feet high : a large penennial stream 
marks the division between this range, and a mass of moun- 
tains consisting almost entirely of varieties of schist, with 
much mica, -and veined with quartz. Connected with these, 
were observed a coarse sand-stone, and a conglomerate of 
Band, mica, and gravel, cemented by a white spar easily fran- 
gible. As the snowy mountains were approached, rocks of 
white quartz were observed, and of a hard semi-transparent 
stone of many colours, grey, red, yellow, and greenish. On 
reaching the heart of the snowy mountains, the distant peaks 
appeared to be stratified, and to dip to the N. £. at an an^jfe 
of about fortj'-five degrees. For several thousadd feet below 
their tops all vegetation ceases, and no living thing is' to be 
seen. The returning route was for a considerable way along 
the bed of the river Pabnr, which rises among the depths of 
the Himala: in this bed, blocks of a peculiar kind of rock 
were found. The neighbouring rocks were schist and lime- 
stone. Another opportunity presented itself of viewing the 
summits of the Himala from Jumnatree, which rises in two 
grand peaks, covered on the S. and S. H. by perpetual snow, 
bat nhowing a precipitous rocky face towards the N. W. 
The river Jumna was here traced to its source in a number 
of small lills flowing from the snow, and collected in a pool 
at the bottom of a steep slope. Nearly every sort of rock 
observed throughout the tour was found here, particularly the 
rock before referred to as occurring in the bed of the river 
Pabar,and white quartz in veins intersected the general stra- 
tification. From these veins trickles a stream* of hot water, 
impregnated with calcareous matter, which it deposits on the 
surface of the rocks over which it runs. There are no gla- 
ciers in any part of the snowy mountains; but a perpeLuai 
frost appears to rest on their summits. 

These mountains exceed, in height, any befoi;e seen or 
heard of. There are in all, twenty-seven peaks, nineteen of 
which, as will be seen by Uie following statement, are higher 
than CBimboraZo, (the highest mountain of the Andes in 
South America) which has been ascertained to be nearly 
21,000 feet above the level oF the sea. The highest of the 
Asiatic mountains, exceeds that of the American, by nearly 
6000 feet. This mountaiti as will be seen by referring to the 
VOL. I. K 
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following admeasarements, (No. 14) carefully made by l^ieat; 
Webb, is 26,^69 feet high ! ! 



Peaks. Feet 

1 • • • • •^-« ■« •••« •••••• <22y34o 

2....^ 22.058 

3 22,840 

4 •»-•• .^^•.•^21,611 

5 19,106 

6 22,498 

7... 22,678 

8. 23,164 

9»~*^.»-t^ •••• •■•^•■•^21,311 

10.^^^^ 16,733 

11 «^..^ • .20,686 

12 23,263 

13 22,310 

14 ^ ,26,669 



Peaks. Feet. 

15.^^^ 22,419 

Id ..•'-•..•• •-»■■» ^-^-m . • • • 17,994 

17..... 19,158 

to. • • . .'• •■»'-••• • • •-• ... .21,439 

J" »••-•• aj*-* ..«•• . .••■•2«,o30 

20 20,407 

21 19,099 

23 .22^27 

24.... 22,238 

26 .22,277 

26 21,045 

27..^ .20,923 



»#^>#»#^»»^<»^^^#«» 



SECTION IX. 

MISCELLANEOUS PHBNOMBNA. 

Porousness of Bath Free Stone. 

43. The Oolite, or freestone, found at Bath, is 
very soft and porous, is easily penetrated by, and 
absorbsL^a considerable quantity of, water. It has 
of late b)s^n formed into wine-coolers and butter-jars 
in place of the common biscuit ware, and, from the 
facility with which the water passes through it, so 
as to admit of evaporation at the surface, it scfcceeds 
very well. 

But the most ingenious application of this stone is in the 
formation of circaiar pyramids, having a number of grooves 
cat one above the other on its surface \ these pyramids are 
soaked in water, and a small hole made in the centre filled ; 
salad seed is then sprinkled in the grooves, and, being sup^ 
plied with water from the stone, vegetates; and, in the course 
of some days, produces a crop of sauad ready to be placed on 
the table. ' The hole should be filled with water daily, and, 
when one crop is plucked, the seeds are brushed out and ano- 
ther f^OYTVL. 
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Excavation ih a Rock near Nottingham. 

44. As some boys, were amasing themselves in 

April, 181B> with digging in the rock at the back of 

Standard HilU near Nottingham^ they made a small 

opening iherein, which they found to be the original 

entrance into a room, or cave^ hewn in the solid 

rock. 

Its dimensions are about eight feet by nine, with a rock 
bench^or settle running round, the roof supported by a neatty 
wrought column of the same material, on which and the sides 
are several rude drawings, dates, initials, crosses, croslets 
filched, and other devices,— the dates 1570, 1637, 1639, 1640. 
A rude oaken image, about five feet in length, was dug out 
of &e sand on one side the entrance, and on each side is a 
narrow loop-hole. 

Thattbese relicts should be found in a subterra-^ 
nean chamber is not wonderful, but that living ani- 
mals should exist pent up in the heart of rocks may 
well, excite our astonishment. 

laving Idzardfound imbedded in a Seam of CoaL 

45. In 1818, at Mr. Fenton's Colliery, near Wake- 
fidd^ Yorkshire, a living lizard was found imbedded 
in a seam of coal. 

This animal, preserved in spirits, is now in the 
possession of Mr. James Scholes, engineer to that 
colliery. It is about five inches long ; its back of a 
dark brown colour, and appears rough and scaly ; its 
sides of a lighter colour, and spotted with yellow 
the belly yeUow, streaked with bands of the same 
colour as the back. 

The miners were sinking a new pit or shaft, and after pass- 
ing through measures of stone, grey bind, blue stone,- and 
some thin beds of coal, to the depth of 150 yards, they came 
upon that intended to be worked, which was about four feet 
thick. When they had excavated about three inehes of it^ 
one of the miners^ (as he supposed) struck his pick or mat- 
tock into a crevice, and shattered the coal around into small 
pieces.; he then discovered the animal in question. 

£2 
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In sinking these pits the miners find, in particular strata, 
impressions of what Mr. S. calls ferns and other rogetables ; 
and, at upwards of one hundred yards from the surface, they 
meet with a black shale, one foot thick, full of muscle-shells, 
compressed and flattened by the superincumbent pressure* 
About four inches above the coal in which the animal was 
found, numbers of muscle-shells, in a fossil-state, lie scat« 
lered in a loose grey earth. 

Living Toads found inclosed in solid Stone^ 

46. Dr. Franklin is the narrator of the following 
singular circamstance. 

In April, 1782, being with M. de Chaumont, at 
Passy, near Paris, viewing his quarry, he mentioned 
to me that the workmen had found a living toad shut 
up in the stone. On questioning one of them, he 
told us they had found four, in different cells, which 
had no communication ; that they were very lively 
and active when set at liberty : that there was in 
each cell some loose, soft, yellowish earth, which 
appeared to be very, moist. We asked^ if he could 
show us the parts of the stone that formed the cells ? 
He said no, for they were thrown among the rest of 
what was dug out, and he knew not where to find 
them. We asked, if there appeared any opening by 
which the animal niight enter? He said no, not the 
least. We asked if, in the course of his business 
as a labourer in quarries, he had often met with the 
like ! He said never before. We asked, if he could 
show us the toads ? He said he had thrown two of 
them upon a higher part of the quarry, but knew 
not what became of the others. He then came up 
to the place where he had thrown the two, and find- 
ing them, he took them by the foot, and threw them 
up to us upon the ground where we stood. One of 
them was quite dead, and appeared very lean ; the 
other was plump, and still living. The part of the 
rock where they were found is at least fifteen feet 
below its surface, and is a kind of lime-stone. A 
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part of it is filied with ancient sea-shellS;^ and other 
marine substances. 

If these ABimals have remained in this confinement, sino« 
the formation of the rock, they are probably some thousands 
of years old. We put them ill spirits of wine to preserve 
their bodies a little longer. Before a sai table bottle could be 
formed to receive them, that which was living when we first 
had them, appeared to be quite dead and motionless ; but^ 
being in the bottle, and the spirits poured over them, he 
flounced about in it very vigorously for two or thre6 minutes^ 
and then expired. 

It is observed that animals, who perspire but little, can 
five long without food : such as tortoises, whose flesh is co* 
vered with a thick shell, and snakes, who are covered with 
scales, which are of so close a substance as scarcely to admit 
th^ passage of perspirable matter through them. Animals 
that have open pores all over the surface of their bodies, and 
live in air, which takes off continually the perspirable part of 
their substance, naturally reauire a continued supply of food 
to maintain their bulk. Toads shut up in solid stone, which 
prevents their losing any part of their substance, may, per* 
haps, for that reason, need no supply, and being guarded 
against all accidents, and all the inclemencies of the air, and 
changes of the seasons, are, it seems, subject to no disease, 
and become, as it were, immortal. 

Borax found in the Mountains of Thiti(fit* 

47^ Borax, a salt well known in chemistry, is brought 
originally from the East Indies in an impure state, 
and afterwards freed from its impurities by certain 
processes in Europe. It was long a matter of un- 
certainty whether this salt be a natural or factitious 
substance in those countries from whence it is 
brought; but it is now beyond a doubt, that it is 
naturally produced in the mountains of Thibet, 
from whence other parts of the eastern ' continent 
iare supplied. The place where it is found is said 
to be a small valley surrounded by snowy moun- 
tains, in which is a lake about six miles in circum- 
ference ; the water of which is constaJftly so hot 
that the band cannot bear it for any time. Around' 

e3 



98 Geological Pkmomma. 

this lake the gronnd is perfectly bietrren,. not pro- 
ducing even a blade of grass; and the earth is so full 
of a saline matter, that after falls of rain or snow^ 
it concretes in white flakes on the surface like the- 
natron of Hindostan. On the banks- of this lake, 
in the winter ^season^ when the falls (^ snow begin^ 
the earth is formed into small reservoirs six inches 
high : when these are filled with snow^ the hot water 
from the lake is thrown upon it» which^ together 
with the water from the melted snow, remains in the 
reservoir, to be partly absorbed by the earth, and 
partly evaporated by the sun; after which there re- 
inains at the bottom a cake of sometimes half au 
inch thick of tincal or crude Borax, which is tdken 
up and reserved for use. It can only be made in 
the winter season, because the falls of snow are in- 
dispensibly requisite, and also because tbe saline 
appearances upon the earth are strongest at that 
time. When once it has been made on any spot, it 
cannot be made again on the same until the snow 
has fallen and dissolved Ibree or four times^ whea 
the saline efflorescence will appear as before^ 

Elastic Marble. 

48. In 1816, Dr. Mitchell exhibited to die New 
York Philosophical Society a specimen of American 
elastic marble, measuring four leet in length, three 
inches in breadth, and one inch in thickness. The 
slab was of a snowy whiteness, of a grained struc- 
ture, and of remarkable flexibility. He had re- 
ceived it from the quarry \n Pittsfield, Massachu- 
setts. Since the receipt of this extraordinary sam- 
ple, another one, of far more considerable size has 
been procured by Mr. Meyher, from Stockbridge. 
This he is preparing for Dr. Mitchell's Cabinet of 
Mineralogy. The dimensions of this stone are as 
follow : breadth^ oi^e foot and ten inches^ lengthy 
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five feet, and thickness, two inches ; making a mass 
of two dkoosand six hundred and forty cubic inches 
of elastic marble. This slab, when shaken, undu- 
lates sensibly backwards and forwards; when sup- 
ported at the two extremities, the middle forms a 
curve of about two inches from a horizontal line : 
and when turned over, recovers itselfj^ and inclines 
^ much the other way. It has many other curious 
properties. 

Natural History of the PearL 

49. The production of the pearl is one of those mys^ 
terious operations of nature which the ingenuity of 
man lias not vet been able to unravel. The Arabs, 
with whom the pearl was an article of great traffic, 
^entertained a notion (which they had from the Brah- 
mins) that when it rained, the animal rose to the sur- 
face to catch the drops which turned into pearK 
By some of the natives they are considered to be 
formed of certain mineral substances carried to the 
banks by the river which is opposite to them ; by 
others, uey are supposed to be formed from dew- 
drops in connexion with sun-beams which was pretty 
nearly the opinion entertained by Pliny and the 
ancient naturalists. 

Some have thought them to be an accretion within the body 
of the animal of &e soper-abnndant matter with coats over 
the inside of the shell, called mother-of-pearl, and to which 
it is very common to find little knobs adhering, precisely like 
pearls, but not of a clear water. Others again, consider 
tiiem as the effect of disease or injury, like bezoars and other 
stones found in various animals, pearls being generally com- 
posed of lamellflB or coats, formed round a foreign nucleus. 
In the early ages of the Christian era, the people who lived 
on the borders of the Red Sea were acquainted with the me- 
thod of forcing certain shellfish to produce pearls ; as the 
Chinese at present do the MytUus Cygneus, the swan muscle, 
by throwing into the shell, when it opens, five or six minutp 
mother-of-pearl beads strung on a thread. In the course of 
a year these are found covered with a pearly crusty which per* 
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fectly resejnbles the real pearl. It is supposed that if shar^ 
pointed wires be thrast through the shells of certain species 
of muscles and oysters, the animal protects itself from being- 
injured and galled, by throwing off a substance which eoat» 
them over with little round knobs resembling pearls. Beck- 
man says, that *' Linnaeus once showed him, among his coU 
lection of shells, a small box filled with pearls, and said-r 
Hosuniones^cmtfeei artificio meo; smU tantwn guinque annorttni, 
et tamen. tammamu'* They were deposited, the professor 
adds, near the 3laja Margaritifera, from which most of the 
Swedish pearls are procured. 

Natural History of Gems. 

50. Gems or precious stones are sometimes found 
orregular shapes^ and with a natural polish ; and. 
sometimes of irregular shapes, and with a rough 
coat. The first sort may be consid^ed as of the 
the pebble kind, and are said to be found near the 
beds of rivers^ after great rains-: the others are 
found in mines, and in the clefts of rocks. 

The gems of the first sort were what the ancients 
most usually engraved upon : these are commonly 
called Intaglios ; and they are mostly of a long oval 
figure, inclining to a point at each end, convex as 
well on the engraved face>. as on the others, with a 
ridge running from end to end on the under side^ 
. which is hereby, as it were, divided into two faces ; 
both which are also, though not so distinctly, parted 
from the upper face, by another ridge running quite 
round the oval. 

The stune most commonly found engraved is the beryf. 
The next is the emerald ; and then the jacinth. The chry- 
solite is but rarely found engraved ; as are also the crystal, 
or oriental pebble, the garnet, and the amethyst. 

Of the beryl there are three species ; the red, inclining to 
orange colour, transparent and lively; the yellow, of ^ 
ochre colour, and the white, conmionly called the ckaleedooy, 
of the colour of sheer milk. These twa last have les» life 
than the first. 

The emerald is green, neariy of the colour of stagnated 
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water; sometimes tolerably clear, ba^ for the most part full 
of black asd white specks. 

Hie jacinth is of a deep tawny red, like very old Port wine, 
but lively and transparent 

The chrysolite is of a light (preen grass coloar, and is sap* 

Eosed to ha?e been the beryl of the ancienis, transparent, 
at not lively. 

The crystal or oriental pebble is harder and more lively 
than the common rock crystal ; is of a silvery hae, and bat 
very little inferior to the white sapphire. 

The garnet is of the same colour as the jacinth, but more 
inclining to the purple, and not so lively. / - 

The amethyst is of a deep purple, transparent and lively. 

The following is a.general table of what are usually called 
precious stones. 

The beryl, red, yellow, or white ; emerald green ; jacinth, 
of a deep tawny red ; chrysolite, of a light grass-gpreen ; 
crystal, or oriental pebble, of a silvery white ; garnet, of a 
deep red claret colour; amethyst, purple ; diamond, white; 
ruby^ red or crimson coloured ; emerald, of a deep green ; 
aqua marina, of a bluish sea gpreen, like sea water ; topaz, of 
a ripe citron yellow ; sapphire, of a deep sky blue, or of a 
silver white ; cornelian, red or white ; opal, white and change* 
able ; vermillion stone, more tawny than the jacinth. 

All these- stones are more or less transparent: the follow* 
ing are all opaque. 

The cat's-eye, brown ; red-jasper, called also thick come- 
fian, of the colour of red ochre ; jet, black ; agates, of various 
sorts; blood-stone, green, veined or spotted with red and 
white ; onyx, consisting of different parallel strata, mostly 
white and black ; sardonyx, of several shades of brown and 
white ; agate-onyx, of two or more strata of white, either 
opaque or transparent ; alabaster, different strata of white 
and yellow, like the agate-onyx, but all opaque ; toad's-eye, 
black ; turquoise, of a yellowish, blue inclining to green ; 
lapis lazuli, of a fine deep blue. 

Of most of the species beforementioncd there are some of 
an inferior class and beauty. These are commonly called by 
jewellers occidental stones : they are mostly the produce of 
Europe, and found in mines or stone quarries; and are so 
named in opposition to those of a higher class, which are 
always accounted oriental, and supposed to be only produced 
in the East. 

The onyx, sardonyx, agate-onyx, alabaster of two colours 
or strata, a^also certain shells of different coats, were fre- 
quently engraved by the ancients in relief: and these sorts of 
engravings ar6 commonly called cameos. They also some* 
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times ingrafted a head^ or some other figure in relief of gdd^ 
upon a blood stone. 

Besides which there arer some antiques, mostly cornelians, 
that are cohered with a stratum of white. This stratum has 
by some been looked apon as natural ; but It was really a sort 
of coat of enamel that was. laid on. 

The stones esteemed the best for engraving upon, were the 
onyx and sardonix ; and next to them', the beryl and the jacinth. 

The ancients engraved most of their stones, except the 
onyx and the sardonyst, just as they were found ; their na- 
tural polish excelling all tibat can be done by art; but the 
beauty of the severaJ species of onyx could only be disco- 
Tered by cutting. 

The icrierit both of intaglios and cameos depends on their 
erudition or the goodness of the workmanship, and on the 
beauty of their polish. 

The antique gems of Greek work are the most esteemed ; 
and next to them the Roman ones, in the times of the higher 
empire. 

'* Lapidaries employ a considerable quantity of diamond 
in powder, which they use with steel instruments, to divide 
pebbles and precious stones. The small pieces of diamond 
of which the powder is made, are worth twenty-eight shillings 
a carat. The use of the diamond in this way is very exten- 
sive. Had nature withheld the diamond, the pebble, the 
agate, and a variety of otiier stones, would have been of little 
value, as no other substance is hard enough to operate upon 
fhem. In this way rock ciystal from Brazil is divided into 
leaves, and gpround and polished with diamond dust for spec- 
tacles, and other optical instruments.'^ 
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CHAPTER III. 

MBTBOROLOGY. 
SECTION.!. 

GENERAL PRINCIPLES. 

'Whatevbr is engendered in the air \?hicb snr* 
rounds ub, and which appears to be beyond the 
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moon, is a meteor. The word 3ig|ai$e3 a. bqily raised 
above the earth we inhabit. 

51. Meteors are composed of vapours andexhala- 
tions. Vapours are particles of water which mingle 
with the air. Exhalations are particles of all the 
different terrestrial bodies, which rise into the air, 
sach as salphar, salts, bitmnens, and other bodies 
of different natures, more or less combustible, solid, 
or heavy. Mists are those collections of vapours, 
which chiefly rise from fenny moist places, and be- 
come more visible as the light of the day decreases. 
Chuds are nothing else but a collection of moist- 
particles, exhaled from the sea and earth by the 
heat of the sun, suspended aloft in the air and soar- 
ing on iha wings of the wind. 

52* Evaporation is that process whereby water is 
converted into vapour, which, being lighter than the 
atmosphere^ is raised above the surface of the earth, 
and afterwards by a partial condensation forms clouds. 
Vapour is an elastic invisible fluid like common air, 
but lighter ; being to common air, of the same elas- 
ticity, as 10 to 14, or, 10 to 12. 

When water is heated to 212°, it boils, and is converted 
into steam ; and the same change takes place in lower tem- 
peratures ; but in the latter case the evaporation is slower, 
and the elasticity of the steam is weaker. A considerable 
portion of the earth's surface being covered with water, it is 
constantly evaporating and mixing in the atmosphere in the 
state of vapour. 

More vapour rises during hot weather than daring cold i 
bence the quantity evaporated depends upon 'temperature. 
At the temperature of 180®, the quantity evaporated is one 
balf of what is lost at 212°. ; at 104% it was one-third of that 
at 212^ ; at 162^ one-fourth ; at 144°, one-fifth ; at 138% one- 
sixth. 

The quantity of yapour which rises from water, under the 
-same temperature, varies according to circumstances. It is 
least in calm weather, greater during a breeze, and greatest 
with a strong wind. 

The quantity of vftpour evaporated at any degree of heat 
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or wind depends on the qnantity of Taponr already in t&e tft- 
mosphere, as is proved by the following illustration* 

Illtu. From experiments at Liverpool, it appears that 
the mean annual evaporation from the surface of water^ 
amounted to 36.78 inches. The proportion for every month 
was the following : 

Jitnuary r. • .Inches 1.60 [ July Inches 5.1 1 



February... t-. 1.77 

March , 2.64 

April 3.30 

May 4.34 

June ....«• 4.41 



August 5.01 

September 3.18 

October •«.«»«^...* 2.51 

November 1.51 

December* • 1.49 



Mr. DaltoD found the evaporation from tho surface of 
water in one of the driest and hottest days of summer, rather 
more than 0.2 of an inch. 

The mean annual evaporation over the whole surface of 
the globe is estimated at thirty-five inches. And thirty-five 
inches from every square inch on the. superficies of Hie globe- 
make 94.450 cubic miles of water annually evaporated over 
fte whole earth. 

Were this prodigious mass of water all to subsist in the 
atmosphere at once, it would increase its mass by about a 
twelfth, and raise the barometer nearly three inches. But 
this never happens ; no day passing without rain in some part 
of the earth, so that part of the evaporating water is con-^ 
stantly precipitated.. 

CLOUDS. 

63. TTe have defined what clouds are ; an<{ there^ 
fore in this article we will illastrate the atmospherical 
phenomena, on which depend the appearance of 
clouds^ the production of rain and springs. 

The greater part of the phenomena of the atmosphere arise 
from the water which, being Raised by evaporation, is trans- 
ported from one place to another in vapour, and which, phy- 
sically speaking,, is a component part of the air. When by 
any means a portion of this is deprived of its heat, it re*ap- 
pears in minutis drops, which being at first uniformly diffused, 
lessen the transparency of the air in proportion to Uieir abun- 
dance. 

Towards evening there is usually a sufficient 
quantity of diffased water, which becomes visible as 
kaze. Whether this is the veil, which, being drawn 
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OYer tbe sable of the sky^ converts it to a blue of 
varioos degrees of intensity ; or whether it share 
with the transparent air in producing this effect is 
of no moment here. 

54. The next stage is dew, or haze, for the latter 
term seems more appropriate than the former to tbe 
appearance of dew while it is falling. Here the drops 
have so far become collected as tc^form an aggregate 
sufficiently visible in the air. 

To this succeed the aggregate called clouds; 
firon^ which are formed rain, snow, and hail, and 
by which the product of evaporation is finally re- 
stored to the earth. 

The excess of the falling wafer over what is evaporated, 
passes off by springs and rivers to those reservoirs or oceans 
which form the far greater part of the surface of the globe. 
Tracts of mountainous forests invite the rain, and protect the 
springs, the accumulated heat on plains causes the clouds to 
pass over them, or to be dissipated. 

The atmosphere, at the height where clouds appear* is 
undisturbed by the obstacles wluch throw it into streams and 
eddies near the surface of the earth, and it flows in a more 
even current. Hence the particles x>^ water it contains as- 
sume a certain arrangement ; and constitute a form, often 
equally well defined at a distance with that of solids, although 
were we to penetrate it, we should perceive only a grey mist^ 
the spirit of air, 

RAIN. 

55. When the heat or density of the air, or the 
electricity of the clouds is suddenly disturbed, the par- , 
tides of vapourrush together, and form drops of water 
too heavy to continue suspended in the atmosphere. 
They then fall in the shape of rain, increasing in- . 
size as they fall, by combining with the floating va- 
pours as they are precipitated to the earth. 

Previous to rain, the clouds in the lowest atmo- 
sphere change their appearance, become denser, 
irregular in shape, and rock-like in superstructure, 
with ieecy protuberances about their base. While 
this process is going on^ different other focms oC 
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cloadsy wbich haye previously appeared above, are 
losty to all appearance, as if they had suddenly eva- 
porated. The air is now damper, and there is fre- 
quently a mistiness above. The surrounding air 
being damp, the process goes on, affecting clouds 
more distant, and the result is rain. 

If you observe the gathering clouds over head, they are 
spread like veils of various texture ; some are black and 
heavy, others move under these from the windward, and 
when the whole have gathered the rain falls copiously. If it 
be a continued gentle shower, the strata of .clouds will spread 
in a horizontal dilfosion, and then separate till the whole are 
dissolved. 

The mean annual quantity of rain is greatest at the equator^ 
and decreases gradually in the following scoIq, as we ap- 
proach the poles. Thus, at 

Granada, West Indies, is at 126 inches. 

Cape Francois • • • • . ..^ *-*.. • • • • 120 

Calcutta •••^..•. 81 

Rome • •« • • 39 

England 35 

Petersburg ■•..«^* ....^^ 16 

The number of raiuy days is smallest at the equator, and 
increases in proportion as we move north or south. From 
north latitude 12°. to 43°., the mean number of rainy days 
is seventy-eight ; from 43°. to 46°. the mean number is 103 ; 
from 46°. to 60°. it is 134; from 61°. to 60°. 161. 

The number of rainy days is often greater in winter than 
in summer ; but the quantity of rain is greater in summer 
than in winter. At Petersburg the number of rainy or snowy 
days during winter is eighty-four, and the depth of rain 
which falls is only about five inches; during jsummer the 
number of rainy days is nearly the same, but the depth of 
rain is about eleven inches. More rain falls in mountainous 
countries than in plains. Among the Andes it is said to rain 
almost perpetually ; while in Egypt it hardly ever rains at 
all. 

The mean depth of rain falling at 147 places situated be- 
tween north lat. 11°. and 60°. deduced from tables, is 34.7 
inches. If the mean annual depth of rain for the whole 
globe is thirty-four inches; and the superficies of the globe 
consist of 170,981,012 square miles, the quantity of rain fall- 
ing annually wiU amount to 91,761 cubic miles of water. 

The dry land amounts to 62,746,263 square miles; tlie 
quantity of rain faUing on it annually therefore will amount 
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to SOfifiO cubic miles. The quantity of water nmniDg an- 
nually into the sea is 1 3,140 cubic miles ; a quantity of water 
equal to this must be supplied by evaporation from the sea, 
otherwise the land would'soon be completely drained of its 
moisture. 

In England it generally rains less in March than in No- 
Tember, in the proportion of seren to twelve ; less in April 
than October, in the proportion of one to two nearly ; less In 
May than September; and the chances that it does so are at 
leat four to three ; but, when it rains plentifully in May, it 
rains-but little in September : and when it rains one inch or 
less in May, it rains plentifully in September. 

OF DEW. 

• 

56. Dew is vapour condensed into drops. Under 
certain circumstances the air holds not the same 

Juantity of water in solution, and the result is a 
eposition of it in aqueous particles ; during day, 
ana under the effects of electricity, definite and 
floating clouds are the result, and the prx>cesses of 
rain ouen commence ; but in fine weather, in the 
evening, the vapour plane being destroyed, the va- 
pour so deposited precipitates down in dew. 

During the heat of the day a great quantity of vapour is 
thrown into the atmosphere from the surface of the earth and 
waters. When the evening returns, if the vapour has not 
been carried off in part by currents, it will often happen that 
more remains diffused in the general atmosphere than the 
temperature of the night will permit to subsist under the full 
pressure of the aqueous atmosphere. A decomposition of the 
latter then commences, and is continued untU the general 
temperature and aqueous pressure arrive at an equilibrium, 
or until the returning sun puts an end to the process. 

OP FOGS. 

57. Fogs are clouds floating on the surface of the 
earth, and clouds are fogs in the higher regions of 
the atmosphere ; from many places they may be seen 
moving in the vallies, and often in the vallies they 
may be seen creeping along the sides of the moun- 
tains. 
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OP SNOW AND HAIL. 

58. Snow consists of those vapoars which are frozeir 
while the particles are small ; for, if these stick to- 
gether after they are frozen, the mass formed out of 
them will be of a loose texture, in little flakes or 
fleeces, of a white substance, somewhat heavier 
than the air : they therefore descend in a slow and 
gentle manner in snow. But you will observe that 
snow is formed by this process of regular crystalli- 
zation among minate frozen particles of water float- 
iug in the air. It is remarkable, that previous to,. 
and during, the .fall of snow in quantity, the temr 
perature continues about 32^. 

The structoFe of a flake of snow proves that a drop of rain 
is also composed of a great namber of smaller drops. Whea 
these come together in the act of freezing suddenly, they 
form a nncleus of white spongy ice, M'hich by its extreme 
coldness, becoming incrusted with clear ice, from the water 
it collects in its descent, constitates hail as we usually see. 
Hail has been likewise observed perfectly transparent, and 
having the form of an oblate spheriod, shewing Ihat it con- 
sisted of drops which had been frozen entire in falling with a 
rotatory motion. 

Hail^ wliich is a more compact mass of frozen water, con* 
sists of such vapours as are united into drops, and are frozen 
while they are falling. They assume various figures, being 
sometimes round, at other times pyramidal, cuneated, an- 
gular, thii^, and flat, and sometimes stellafed, with six radii 
like the small crystals of snow ; and natural historians Air- 
nish us with various accounts of surprising showers of haj]» 
in which the haiKstones were of extraordinary magnitude. 

OP HALOS, PARHELIA, &C. 

59. A halo is an extiensive luminous ring, including 
a circular area, in the centre of which the sun or 
moon appears ; whose light, passing through an in- 
tervening cloud, gives rise to the phenomenon. 
Those about the moon are most common. 

Of Corona, When the sun or moon is seen through a thin 
cloud, a portion of the cloud, round the sun or moon, ap^ 
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pears ligbter than the rest ; and this Inminoas disc is called 
a corona. They are of yarioas sizes, but thej seldom exceed 
10®. in diameter: they are generally faintljr coloured at their 
edj^es. Frequently when a halo encircles the moon, a corona 
surrounds it. 

Parhelia or mock suns vary considerably in general ap* 
pearance : sometimes the sun is encircled by a large halo, in 
the circumference of which the mock suns usually appear t 
which have often small halos round them. 

The paraselene, the parhelion, and the several kinds of halo 
and corona, all appear to result from the intervention of clouds 
between the spectator and the sun or moon, through which 
the light passes. 

OF MBT£ORS« 

60. The most common sort of igneoud meteors, 
are those very small meteors which are prevalent iu 
dear frosty winter nights, and in summer also, 
when there are dry easterly winds with a clear sky. 
They leave little or no train behind them, and shoot 
along in straight lines, generally oblique down- 
wards. 

The falling stars, and other fiery meteors, which 
are frequently seen at a considerable height in 
the atmosphere, and which have received differ- 
ent names according to the variety of their figure 
and size, arise from the fermentation of the effluvia 
of acid and alkaline bodies, which float in the at- 
mosphere. When the more subtile parts of the ef- 
fluvia are burnt away, the viscous and earthy parts 
become too heavy for the air to support, and by their 
gravity fall to the earth. 

llie disappearance of fiery meteors is frequently accom- 
panied by a loud explosion like a clap of thunder, and heavy 
stonv bodies have been observed to fall from them to the 
earth. Dr. Thomson has given a table of thirty- six showers 
of stones, with the places where they fell, the dates and the 
testimonies annexed. 

These stony bodies when found, are always hot, and their 
size differs from a few ounces to several tons. They are 
usually round, and always covered with a black crust. When 
broken^ they appear of an ash-grey colour^ and of a granu- 
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lar textare like coarse sand-stone. These substances are 
probably concretions actually formed in the atmosphere, but 
in what manner no rational account has yet been g^ven. 

61. Of the Ignis Fatuus, commonly called Will' 
with-a-Wisp^ or Jack with a Lantern. This me- 
teor, like most others, hiis not failed to attract the 
attention of philosophical inqairers. Sir Isaac 
Newton, in his Optical Queries, calls it a vapour 
shining without heat. Various accounts of it may 
be seen in the Philosophical Transactions. , The 
most probable opinion is^ that it consists of inflam- 
mable air, or oleaginous matter, emitted from a 
putrefaction and decomposition of vegetable sub- 
stances, in marshy grounds ; which being kindled 
by some electric spark, or other cause unknown to 
us, will continue to bum or reflect a kind of thin 
flame in the dark, without any sensible degree of 
heat, till the matter which composes the vapour is 
consumed. This meteor never appears on elevated 
grounds, because they do not sufficiently abound with 
moisture to produce the inflammable air, which is 
supposed to issue from bogs and marshy places. It 
is often observed flying by the sides of hedges, or 
following the course of rivers : the reason of which 
is obvious, for^the current of air is greater in these 
places than elsewhere. 

These meteors are very common in Italy and in Spain. 
Dr. Shaw has described a remarkable Ignis Fatuus, which he 
saw in the Holy Land, when the atmosphere was so uncom- 
monly tiiick and hasy, that the dew on the horses' bridles 
was remarkably clammy and unctuous. This meteor was 
sometimes globular, then in the form of the flame of a candle, 
presently afterwards it spread itself so n^nch as to involve 
the whole company in a pale harmless light, and then it would 
contract itself again, and suddenly disappear; but, in less than 
a minute, it would become visible as before, and running 
along from one place to another, with a swift progressive 
motion, would again expand itself, and cover a considerable 
space of ground. 
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62. Op THB AURORA BORBALIS, OF N0RTHBR19 

LIGHTS. There havfe been variotis opinions and 
conjectures respecting the caase and properties of 
fhe^e extraordinary phenomena ; and the most pro- 
bable opinion is, that they arise from exhalations, 
and are prodaced by a combustion of inflamable air, 
caused by electricity. 

This inflammable air is generated particularly between the 
tropics, by many natural operations, such as the putre&c* 
tion of animal and vegetable substances, volcanoes, &c. ; and 
being lighter than any other, ascends to the upper regions 
of the atmosphere, and, by the motion of the ear&, is urged 
towards the poles ; for it has been proved by experiments 
that, whatever is lighter, or swims on a fluid which revolves 
on an axis, is urged towards the extreme points of that axis : 
hence these inflammable particles continually accumulate at 
the poles, and by meeting with heterogeneous matter take fire, 
and cause those luminous apparences frequently seen towards 
the polar regions. 

We have very few accounts of the Aurora Australis, or 
Southern Lights, owing perhaps to the want of observations 
in those remote parts of the globe, and a proper channel of 
information. Captain Cook, in his second voyage towards 
tile south pole, says : ** (February 17th, 1773,) We observed 
a beautifal phenomenon In the heavens, consisting of long 
columns qf clear white light, shootmg up from the heavens 
to the eastward, almost to the zenith, and gradually spread- 
ing over the whole southern part of the sky. Though these 
columns were in most respects similar to the Aurora Borca- 
lis, yet they seemed to differ from them in being always of 
a whitish colour. The stars are sometimes hid by, and some* 
times faintly to be seen through the substance of these Au- 
roras Australes. The sky was generally clear when they ap* 
peared, and the air sharp and cold, the thermometer standing 
at the freezing point; the ship being in latitude 58^ south. 

In high latitudes the Anrorae Boreales appear with the 
greatest lustre, and extend over the greaterpart of the hemis- 
phere, varying their colours from all the tints of yellow to the 
most obscure russet In the north-east parts of Siberia, 
Hudson's Bay, &u;. they are attended by a continued hissing 
and cracking noise through the air, similar to that produced 
by fire*works. 

63, Of the rainbow. The rainbow is the most 
beautiful meteor with which we .are acquaint- 
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ed ; it is never seen but in rainy weather, where the 
sun illuminates the falling rain^ and when the spec-* 
tator turns his back to IheBun. There are frequently 
two bows seen, the interior and exterior bow. The 
interior bow is the brightest, being formed by the 
rays of light falling on uie upper parts of the drop» 
of rain ; for a ray of light entering the upper part 
of a drop of rain will, by refraction, be thrown upon 
the inner part of the spherical surface of that drop, 
whence it will be reflected to the lower part of the 
drop, where undergoing a second refraction, it will 
be bent towards the eye of the spectator, hence the 
rays which fall upon the interior bow come to the 
eye after two refractions and one reflection, and the 
colours of this bow from the upper part are red, 
orange, yellow, green, blue, indigo, and violet. The 
exterior bow is formed by the rays of light falling on 
the lower parts of the drops of rain ; these rays, 
like the former, undergo two refractions, viz. one 
when they enter the drops, and another when they 
emerge from the drops to the eye ; but they sufler 
two or more reflections in the interior surface of the 
drops ; hence the colours of these rays are not so 
strong and well defined as those in the interior bow,, 
and appear in an inverted orer, viz. from the under 
part they are red, orange, yellow, green, blue, ?«- 
digo, and violet. 

To illnstrate this by experiment, suspend a glass globe 
filled with water in the sun-vhine, turn your back to the son, 
and view the globe at such a distance that the part of it the 
farthest from the sun may appear of a full red colour, then 
will the rays which come from the globe to the eye make an 
angle of 42 degrees with the sun's direct rays ; and if the 
eye remain in the same position, and another person lower 
the glass globe gradually, the orange, yellow, green, &c. co- 
lours, will appear in succession, as in the interior bow. 
Again, if the glass globe be elevated, so that the side nearest 
to the sun may appear red, the rays which come from the 
globe to the eye will moke an angle of about 60 degrees ; then, 
if another person gradually raise the glass globe^^ while tho 
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spectator remains in the same position, the rays Mil succes- 
sively chaise from red to orange, green, jcWoWf &c. as in 
the exterior bow. • 



^^^ ^^^<^ »^^^^^ 



SECTION 11. 

METEOROLOGICAL PHENOMENA. 

Aerial Vortex. 

64. A very sing^ular phenomenon took place in 
Poland on the 10th of May, 1818^ which has been 
termed an air-spout. It committed dreadful rava- 

5es in the neighbourhood of Prague. Clouds sud- 
enly rose in the east, which rapidly enveloped the 
whole east and south of the heavens, the west wind 
became more violent, and rapidly alternated with 
the east, so that a violent conflict between the two 
winds was perceived. During this conflict there 
was formed among the. clouds a dark opaque pillar 
(or air-spoiit), tbe diameter of which was about 
twenty fathoms, and which rose in a whirlwind 
from the earth to the clouds, which hung very 
low.' It committed dreadful ravages in the fields, 
carrying with it in its course, or scattering all 
around, stoned, sand, and ear^h, and continued its 
progres, with a hollow sound, towards tbe east. 
By the refraction and reflection of the sun's rays, 
falling from the west on the pillar of dust, it looked 
like a column of fire in the clouds. 

This terrible pillar revolved with incredible rapidity, some- 
times horiozontally, sometimes vertically, furrowing the 
ground, which it tore up, with its stones, several pounds in 
weight, which it hurled, whizzing like sky-rockets, iuto the 
air. This lasted about fifteen minutes. A silvery stripe, in 
the shape of a funnel, the point of which was turned towards 
the earth, was now formed in the middle of this air-spout, 
which began at its top, and almost reached the centre. This 
silvery stripe contracted itself several times, and at last to. 
tally disappeared. 
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LuminotiS Appearance of the Atmosphere at 

Maracayho, 

65. The celebrated traveller, M. Humboldt says, 
that a luminous appearance takes place^ every night, 
in South America, on a mountainous and uninhabit* 
ed spot on the borders of the river Catatumbo, near 
its junction with the Sulia. 

Belnji^ nearly in the meridian of the opening of Ihe Lake 
of Maracaybo, navigators are gnided by it as by a light- 
house. This light is distiogaished at a greater distance than 
forty leagues' Some have ascribed it to the eifects of a 
thunder-storm, or of electrical explosions, which might take 
place daily in a pass in the mountains ; while others pretend 
that it is an air-volcano. M. Palacios observed it for two 
yeaA at Merida. Hydrogen gas is disengaged from the 
ground in the same district: this gas is constantly acciunu* 
lated in the upper part of the Skvem Del Serrito de Monai, 
where it is generally set on fire to surprise travellers* 

Showers of Red Snow and Rain which fell in Italy • 

66. A shower of red snow fell in Carniola, in the 
nights of the 5th and 6th of March, 1803. On the 
same night, a shower of snow, of a rose colour, fell 
over the surface of Camia, Cadore, Belluno, and 
Feltriy to the height of twenty centimetres. The 
earth was previously covered with snow of a pure 
white, and the coloured snow was succeeded by 
other of a pure white ; neither were the two kim^s 
mingled together. ' But remained perfectly distinct 
even during liquefaction. When a portion of this 
snow was melted, and the water evaporated, a little 
finely-divided earth, of a rosy colour,remainedy not 
attractable by the magnet, and consisting of silex, 
alumine» and oxyde of iron. 

The same phenomenon happened at the same time in the 
mountains of Yaltelline, Bresci, and the Tyrol. This snow 
was of a red or blood-rose colour, and was underlaid and co- 
vered with white snow. Its colour faded gradually until it 
was dissolved. On the same evenings of the 5th and 6th of 
March^ 1803^ a shower of red snow fell at Pezzo, at the 
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extremity of the Valle Camonica. It was preceded by a 
▼ery Yiolent wind on the 6th. 

On the evening of the I4th and 15th of March, 18 V3, 
coloured rain and snow fell over a very large extent of coon- 
Xtji Red rain fell in the two Calabrias, and on the opposite 
part of Abrazzo, the wind being at east and south-east. 
Snow and hail of a yellow red colour, fell over all Tuscany 
with a North wind. Red snow fell at Tolmezzo, the wind 
being at north-east, and in the Carnia Alps ; and, finally, 
snow of a brownish yellotv colour fell at Bologna, the wind 
being south-west. 

A pound of this last snow was found to contain three grains 
of earthy powder. During the evaporation, a black substance 
was deposited, and the water became dirty yellow. The 
taste of this earthy substance was at first styptic, and then 
bitter. It deflagrated with nitre, and, on being analyzed, 
gave the following results : 300 gr. were composed of 

Combustible, vegetable, or animal matter r 96 

Red oxyde of iron • »«^««^ •••• 96 

Alumine •••••.••.••.. 36 

Silex •• ••••.••^ 69 

297 

67. On the 15th of April, 1816, coloured snow 
again fell in Italy, on Tonal and other mountains ; it 
was of a brick colour, and left an earthy powder^ 
very light and impalpable, unctuous to the touch of 
an argillaceous odour, and tasting a little acid, saline, 
and astringent. These characters agreed with those 
of the powder left by the coloured snow of March, 
1803. 

This powder analyzed gave the following results : 

Silex •.•••••••• •.^^•^. •••••• »«.•••.• 8 gr. 

Iron ••••••5 

Alumine ..t.^*^* ■••.••. • •#.. 3 

Liime «.—••• •.^.^^•••t 1 

oar Donic acici > • • «-• ••• .•.•••.••.•• ^j»-* • .-^^ .o 

Sulphur. ...^..^ • • ^5 

Empyreumatic oil. ^. . • • • 2 

Carbon ......•^^•^ 2 

Water (by re-agents) • • • 2 

26 
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The extent of country covered By these showers, 
as in 1803 and 1813, extending to eight degrees in 
length and breadth, proves that the cause is not 
local, but very general. These phenomena happen 
precisely at the time of the spring equinoxes, when 
impetuous winds are flying about, which originate 
in very distant countries. These winds it is sup- 
posed, may possibly elevate the sand, of distant 
reo^ions in the air,. and may convey the more minute 
pg^icles to immense distances ; and these, adhering 
to the water of the clouds, at last descend with it, 
either as hail, snow, or rain, and produce. the phe- 
nomena under consideration. ' 

Meteoric Stone which fell near Chantonnay, in 

France. 

68. On the 5th of August, 1812, at two o'clock 
in the morning, whilst the weather was calm and 
the sky clear, a meteor, dazzling with light, struck 
thc/sight of some travellers and countrymen in the 
neighbourhood of Chantonnay, in the department of 
La Vendue, on the road from Nantes to La Ro- 
chelle. It was said to have been seen at many 
leagues distance. The time of its duration was not 
observed, but it terminated in a violent explosion^ 
which was compared to the loudest clap of thunder 
which had been heard in that country. 

In the middle of the day the master of the farm of la 
{laute Rev^tison, near Chantonnay, perceived, in a field 
near to his house, a large stone, which he had never before 
observed. It was huried two feet and a lialf in the earth, 
and bad a strong smell of sulphur, which it retained during 
six months, but which at last was lost. Having undergone 
a chemical examitialion by M. Dubisson, that gentleman 
gave the following account of its composition. 

1. The crust, or envelope, appears to me to differ from 
that of other falling stones of this kind, in passing from a 
black 'colour to the yellow of peroxyde of iron. 2, It differs 
also from other pieces of this kind in the internal parts, giv- 
ing sparks when struck by steel, though not so abundantly 
»8 the outside. 3. The internal part, like the crust. 
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msratcbes glass. 4. The form of the mass appears to have 
been rounded, and to have had many cells and cavities. 
The interior is granalar, of an earthy appearance, with the 
exception of some brilliant points of meteoric iron, which ar« 
abundant, and some of the sulphuret of iron, rather rare. 
Its colour is yariabie, it passes from the common grey to the 
yellow of oxyde of iron, and afterwards to a blackish brown. 

Account of an Aerolite which fell at Chassigny, a 

village in France* 

69. On the^ 3d of October, 1815, Id the commane 
of Chassigny, a village foar leagues to the south* 
east of Langres, at half past eight in the morning, 
the sky beiiig clear and serene, and a geutle east 
"wind prevailing, a rumbling noise was heard, like 
the discbarge of musquetry and artillery. This 
noise, which seemed to come from the north-east, 
and from a cloud which hung ever the horizon, of 
an indeterminate form, and a grey colour, had 
lasted a few minutes, when a man at work in a 
vitfeyard at some distance from the village, and 
who bad his eyes fixed on this cloud, hearing a whist* 
ling like that of a cannon ball, saw an opaque body 
fall a few paces from him, and which emitted a 
dense smoke. Running to the spot, he saw a deep 
hole in the ground, and around it were fragments 
of stone of a peculiar kind, which he found as hot 
as if they had been long exposed to a strong sun. 
Some' persons in the village ofChassigny, and parts 
adjacent, who happened to be sitting on the ground, 
thought they felt the shock of an earthquake during 
the detonation ; but the peasant who saw the stone 
fall experienced no such sensation. 

A^ecount rftke above Aerolite, by M, Vauquelin, 

1. Coleur: brown exlernally, pearl grey internally. 

2. Contexture : grainy, and broken in every direction. 

3. Solidit}' : very slight, crumbling with the greatest facility. 

4. Aspect : shining, and as if varnished. 

5. Sound : none. Although it appears to have been roast- 
ed, it has not the dryness nor the hardness of glass when it is 

VOL, I. P 
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broken ; it seems, on the coatrary, to be soft under the pes« 
tie, which soon ponnds it. 

6. It has Be action on the magnetic needle, and yet tho 
orast with which it is covered has a 8l%ht effect ; this aB'- 
Bounces that it contains iron ia the state of oxyde. 

7. It forms a jelly with the acids. Hence it most be con* 
olttded that the silex is th^ein combined with some principle. 

Ten grammes contained as follows : — 

&ilex •• ••••.••.« 3.30 gr. 

Oxydated iron«.«.*« •^ . • • .r. » .^ • •..^ 3.10 

Magnesia . • • • • t • . . 3.20 

Metallic chrome .•••••••• «.• • • .20 

9.89 



tt contained, therefore, neither sulphnr nor nickel, and the 
iron in it is entirely oxydated ; whereais, all other aerolites 
contain those iwo substances, and the iron has always been 
in the metallic state, at. least for the most part. A part of the 
silex contained in the stone is only in the state of mixture itt 
the sandy form : and another more abundant portion than 
the first is entirely combined with the magnesia, and probably 
with the iron, since it is dissolved at the same time with 
those two bodies in the sulphuric acid. There is, in the pre- 
sent stone, twice as much magnesia as in those which have 
been hitherto analysed ; perhaps its softness was owing to this 
cause* And lastly, the chrome is found in it in the metallic 
state, which announces tbsTt it must have resisted the oxyda* 
ting action which burnt the iron. The quantity of thid me- 
tal is also more considerable than usual. 

Asiatic Aerolite. 

70. In 1819 a meteoric stone fell near the village 
of ]>o6ralla, in India, and spread universal conster- 
nation over a country, where the people look on the 
Phenomena of Nature as presages of some awful 
calamity. The day was clear and serene, not a 
cloud to be seen, and the thermometer in the shade 
stood at 66^ Some people at work in a field, hear- 
ing suddenly a report in the sky, louder tlian that 
of a caiinon, and thei^i a sudden rushing noise, look-^ 
ed towards the quarter from whence it proceeded, 
and discovered a large black body in the air moving 
ap^a^entiy towards l^em, but passing with incon- | 

i 
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ceivabte velocityy baried itself in the earth, about 
sixty paces from where they stood. 

The Bramins made much ado about this phenomenoD, 
which, when dn^ out and examined by some British officers^, 
proved to be an ill shapen iriangalar stone rather more than 
l^lbs. in weight, and covered with a pellicle thinner than a 
wafer, of a blaclc salphareoos crust Either in its £ftll pr in 
digging it up, the aerolite received a fracture, whence the in- 
terior presents to the view iron pyrites and nickel ; but it 
QBits no smell of snlpbur. 



CHAPTER IV. 

GEOGBAPHIGAL SCIENCE. 



SECTION I. 

INTRODUCTION. 

71. Geography is the science which treats of the 
earth; for the term is derived from yr^ earth and 
ypaipM I write. 

In describing, therefore, the terrestrial globe, it is 
obvions that geography may be dirided into as many 
distinct, yet important branches, as there are parts 
constitnting the homogeneous body which we call the 
earth. 

Part of these would belong to astronomical calculations or 
observations; and would have reference to the various circles 
with which the earth is supposed to be invested :^Pftrt would 
be assigned -to tiie natural divisions and products of the 
earth:— 'Part to a comparative view of the kingdoms and 
states in ancient and modern times ; and Part to those phe- 
nomena that present themselves to the inhabitants of the 
earth. 

In this light the first branch maybe called Astronomical 
Geography ; the second. Pure and Natural Geography ; the 
third. Political Geography ; the fourth. Physical Geography. 
But for brevity's sa^e we will divide it into two parts, Pure 
and Mixed Geography. The former shall embrace the three 
first branches : the latter, the fourth branch of the subject ' 

F ii 
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SECTION II. 

ASTRONOMICAL GEOGRAPHY. 

72. Thb axis of theearth is an imaginary line pass* 
ing through its centre^ upon which it is supposed to 
turn, and about which all the heavenly bodies appear 
to have a diurnal revolution. 

The poles of the earth are the extremities of this 
axis. The celestial poles are two imaginary points 
in the heavens, exactly above the terrestrial poles. 
The one is the north, and the other the south pole. 

The circles supposed to be drawn about the earth, are divi- 
ded into two classes ; viz. great and small circles. 

The great circles are these : the equator, which 
passes round the centre of the earth perpendicular to 
its axis, and at an equal distance from either pole. 
The eqiuitor divides the earth into two equal hemis- 
pheres. 

Thb ecliptic, in which the sun makes his apparent 
annual progress among the fixed stars, is another 
great circle inclined to the plane of the equator in 
an angle of 23^ 28' nearly. 

The other great circles of the sphere are called 
meridians, which completely envelope the globe, 
intersecting the equator at right angles. These 
meridians are called lines of longitude. 

The zodiac is a space which extends about 8^ on 
each side of the ecliptic, like a belt or girdle, within 
which the motions of all the planets are performed. 

Signs of the zodiac. The ecliptic and zodiac are 
divifled into twelve equal parts, called signs, each 
containing 30^ ; and the sun makes his apparent 
annual progress through the Ecliptic at the rate of 
nearly a degree in a day. 

The names of the signs, and the days on which the 
sun enters them are as follow : 
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Aries^ the Ram, 2l8t of 

March, 
b Tmarus, the Bull, 19th of 

April, 
n Genuni, the Twins, 2ath of 

May, 



Stanmer signs, 

88 Cancer, the Ctab, 2l8t of 

June. 
SI Leoy the Lion, 22nd off 

July. 

nn VirgOf the Yirgin, 22nd off 
August* 



All northward of the E^ator. 



Autwnnal signs, 

£h LtbrOy the Balance, 23d of 

September, 
nt SSsorpio, the Scorpion, 23d 

of October. 
^ Sagittarius, the Archer, 22d 

of November. 



Winter signs, 

Jff Capricomos, the Goat, 21st 

of December. 
;; Aquarius, the Water-bearer^ 

20th of January. 
yiPUees, the Fishes, 19th of 

February. 



These are called soufhem signs, being all south of 
llie equator. 

The equator is a great circle, and when referred 
to the heavens, is called the equinoctial : it is some* 
times called the line, or equinoctial line. 

■ The equinoctial line on the earth passes through the middle 
of Africa, traverses the Indian Ocean, passes through the Isles 
of Sumatra and Borneo, and the immense expanse of the 
Pacific Ocean ; then extends over the province of Quito, in 
South America, tb the mouth of the River Amazons. 

Meridians are lines that are drawn from one pole 
to the other, directly across the equator. 

Meridians are g^eat circles perpendicular to the equator, 
and paasing through the poles. 

They are called meridians, becaqse when any of them are, 
by the motion of the earth, brought directly opposite to the 
sun, tt is always mid-day or noon there. 

The meridians may be considered asinde£inite in number ; 
and all places lying direetly norHi or south of each other are 
upon the same meridian. Sometimes by the meridian of a 
place is understood the half of a great circle passing through 
that place \ the other half is called the opposite meridian^ 

f8 



The brass circle in which the globe hangs, and which is 
called the Brassen nuritHanf may be made to represent the me- 
Mian of any pkiiee* H ^ ^vided iato4 qnadrants, of 90 
degrees each. On one semicitcle the degrees are nombeted 
flrom the^ eqmitor le>wavdfi^ thepoles ; on the ottier, from the 
poles towards the equator.. The former is used in finding the 
iBtHnde of ^ce», Ihe latter fm eleTating the globe. 

On globes and map^ of the world, meridians are drawn 
through every 10 or 15 degrees. On particular maps, they are 
sometimes drawn through every degree. They are always 
drawn from tiie top t» tibe-bottom oCmaps. 

Latitude is the distance of any place^ norUi or 
south, from the equator. 

Tbe latitude of a pkce is an arc of the titeridian mtercepted 
between the equator and t&e place, and is called norOi or 
sottUt, according as tike* situation of thepfcrce is hrthe norlltem 
or southern hemisphere : it can never exceed 90' degrees, I3bat 
being the distance of tbe poles from the eqerator. Tbe lati- 
tude is reckoned by degrees and minutes on the brass merir 
dian ; in maps it is reckoned at the sides. 

Liftlitnde H the sfame all over the ear A, behig^ conotoitly 
reckoned from the equator to the poles. 

The lon^ude of tt piaee is (he* distance of the 
meridian of that place, east of west^ from the first 
meridian. 

The longitodfe of a pfaeer ikan arc of Hie emrator contained 
between the iinst meridfiatt and that of fbe pntee. On globei 
or nmps of the world, it is reckoned on the equator; but in 
particnfar maps, it is reckoned at ti^ top or bottom. 

Geographers in difierent conntries have fxeA upon different 
places for ik/^ first meridum* Tbe latest geograq^^rs^ parficu-' 
larly the Dutch, lume pitched m>on the Peak of Teneriffe ; 
others on the Isle of Palm, oneof tbe Canaries: and, lastly, 
the Freneb, by order of the King; oft the Island of Ferro, 
another of the Canaries. In Ghrettf-Brftain the kttgHade is 
generaffj' reefconed from the merMian of 6reenwidi. 

The greatest fsmgitade any place can have is 180 degree, 
or half the circumferenee of the globe. 

ParalUU of latUude are less circles' drawn paial- 
tel to the equatorr 

Farallels of latitude become smaller the furtlier they are 
distant from tbe equator. 
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Oil globes and maps, of tbe world they are drawn tlurottgh 
every 10 degrees. In all maps they are the lines drawn from, 
one side to the other. 

All plaees that lie directly east or west from eaeh other are 
said to Me in the same parallel of latitude. 

The difference of latidude between two placea i& 
the shortest distance between the parallels of those 
places. 

The difference of latitude between two places is an arc of 
the meridian^ included between thek respective parallels of 
latHnde. 

The difference of longitude between two places is 
the distance l^etween the meridians of these places^ 
counted upon t^e equator. 

The difference of longitude between any two places is an 
avc ef the equator inter^pted between timr respectiTe mere- 
dians. 

Hie sensible horizon is an imaginary circle wliich 
appears to touch the surface of the earth, and tQ 
separate the Yisible part of .the heavens firom the iH'^ 
viaibley and extends only a few miles. r 

The rational horizon is a great circle parallel to 
the former* the plane of which passes through the 
centre of the earthy and cuts the heavens into twQ 
eq^ hemispheres* 

^be poles of tbe horizon aretwopoints, the one of 
which* over the head of the spectator, is called the 
zenith ; the other which is under his feet, ia called 
the nadir. 

The cardinal points of the horizon are, norths 
easi, south, an(l west. 

The altitude of any heavenly body above the hori^ 
sson, ia the part of a vertical circle intercepted be^ 
tween the body and the horizon, or it is the angle at 
the centre of the earth measured by that arc. 

The latitude of a place upon the surface of the > 
earth, is its distance from the equator ; and is either 
northern or southern, measured in degrees., 

. f4 
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The declination of a heavenly body, is its distance 
from the equator, and is either northern or southern. 

The right (zscension of any heavenly body, is its 
distance from the first point of aries, counted on the 
equator. 

The two points in which the ecliptic cuts the 
equator, are called equinoctial points : the vernal 
equinox is at the first degree of am«; and the ati^tim- 
nal, at the first degree of libra. 

The points of the ecliptic, which are at the great- 
est distance from the equator, are called the solstices; 
and the circles which pass through these pointa 
parallel to the equator are called the tropics of can* 
cer and Capricorn. 

The celestial sphere is said to be ri^hty oblique, or parallel, as 
the equator is at right angles, oblique, or pai-allel, to the 
horizon. 

The two tropics and the two polar circles upon the surface 
of the earth, divide it into five parts, called zones ; viz. the 
torrid Eone, two tetfmeraie, and two frigid zones; The torrid 
zone lies between the two tropics ; the temperate zones be* 
tVeen the tropics and polar circles ; and the frigid zones be- 
tween the polar circles and the poles. 

The euiminating point of a star or planet is, that point of iis 
orbit which, on any pven day, is the most elevated. Hence a 
star or planet is said to culminate, when it comes to the meri- 
dian of any place : for then its altitude at that place is the 
greatest^ 

Apparent noon, is the time when the sun comes to the meri* 
dian; viz. twelve o'clock, as shewn by a correfct sun-dial. 

True or mean noon, is twelve o'clock, as shewn by a well 
regulated clock, adjusted to go twenty-four hours in a mean 
eoutr day. 

The equation of time at noon, is the interval between the true 
and apparent noon ; that is to say, it is the difference of time, 
shewn by a well regulated clock, and a correct sun-dial. 

The astronomical day is reckoned from noon to noon, and 
consists of twenty-four hours; this is called also a natural day, 
because it is of the same length in all latitudes. 

The artificial day, is the time elapsed between the snn'a 
rising and setting, and is variable according to the different 
latitudes of places, and tbe different seasons of the year« 
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A planet'^s place as seen from the sun is called its 
heliocentric place, and as seen from the 6arth, its 
geocentric place. 

Two planets are said to be in conjunctionmih eacb 
other» when they have the same longitude, or are in 
the same degree of the ecliptic, though their latitude 
be different* They are said to be in opposition when 
their longitudes differ half a circle, or when they are 
on opposite sides of the heavens. 



SECTION III. 

KATURAL GEOGRAPHY. 

73. Thb Earth, upon which we live, was long 
considered as one large extensive plane. The heavens 
above it, in which the sun, moon, and stars, appeared 
to move daily from east to west, were conceived to 
be at no ^eat distance from it, and to be only designed 
for the use or ornament of our earth. Mankind^ 
however, are now convinced that they live on a round 
ball; and the spherical figure of the earth maybe 
proved by a variety of arguments. 

^ Arg. 1 . When we are on board a ship at sea, we maybe out of 
tight of land, when the land is near enough to be visible, if it 
were not hid from our eye by the convexity of the water. la 
this case the tops of hills, clifis, steeples, towers, &c. first 
appear to our view, next the buildings, and last of all the 
shore; which can proceed from no other cause than the round-^ 
Bess of the earth, whereby the lower objects are longer hid 
from the sight, than those which are higher. 

2. When we stand upon the shore, the highest part, of a 
ship is visible at the greatest distance. If a ship be going 
from us out to sea, we shall continue to see the mast, after 
the hull, or body of tbe ship disappears, and the top of the 
mast will be seen longest. But if the sarface of the sea were 
qoite flat, every part of an object would be equally visible $ 
and not the bighest, but the largest part of an object would 
be visible at the greatest distance, so that we should be abl& 
to see the hull of a ship farther ofif than the mast But this- 
\$ contrary to experience ; consequently the earth is globular.. 
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3. several narigators have sailed quite round the ^arth; 
B«t in an exact circle, the wiDding of the shores preventinwp 
ihem from safliDg in a direct course; hut by sailing continually 
to the westward, they have reached the place from whence 
Ihey at Gtst departeds This was performed by MageHan, 
Cavendish, ^it Francis Drake, Lord Anson, Bougainville, 
€oniitkodore Byron, the Captains Carteret, WalHs, Cook, and 
others. 

4. Eclipses of the moon, which are occasioned by the shft* 
dow of the earth falling on that planet, demo^trate that the 
earth is of a globular figure^ for this shadow is always cir^ 
cular, whatever situation the earth may be in at that time. 
Now a body must be globular, which always casts a circular 
shadow in every position. 

5. Nor are the little unevennesses on the earth's surface, 
arising from hills and vallies, any material objection to its 
being considered as a round body i because the highest moun- 
tains bear less proportion to the bulk of the earth, than the 
little risings on the coat of an orange bear to that fruit ; or a 
grain of sand to an artificial globe, of nine inches diameter. 
And accordingly, we find that the mountains and vallies on 
the surface of the earth cause no irregularities in the shadow, 
during a lunar eclipse ; the circumference thereof being even 
and regular^ and appearing as if cast by a body truly 

lobular. 



S 



r 

^ Of the Magnitude of the Earth. 

\ 
\ 

74. The leBgth of a dogreeis 367,196 English feet» 
or 69} English miles ; hence, supposing the earth a 
sphere^ its ciroumfere&ce will be 35^020 English 
miles, and its diameter 7964 miles. 

The Motion of the Earth. 

75» The roundness of the earth being thoroughly 
established, a %ay is^ naturally opened for the dis* 
covery of its motiori. Poir while it was considered 
as a plane^ mankind had an obscure notion of its 
being supported^ like a scaiTolding, on pillars^ though 
they could not tell what supported these* But the 
figure of a globe is much better adapted to motion. 

06#. 1. This is confirmed by considering, that, if the earth 
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ffoes Bot moYe round the 9an, not onlj the ran, but all the>> 
stars and planets, mnst move round the earth. Philosophers,. 
by reckonings founded on the surest observations, have been 
able to (piess pretty nearly at the distances and magnitudes 
of the heavenly bodies from the earth, and from each other, 
jiist as eveiy body, who knows the first elements of matlie* 
natics, can measure the height of a steeple, or any object 
placed OB it. 

2. It appears, therefore, that if we conceive the heavenly 
bodies to move round the earth, we must suppose them 
endowed with a motion or velocity so immense as to exceed 
aU tonceptionv All the appearances in nature, however, may 
be as well explained by imagining the eartii to move round 
the sun in the space of a year, and to turn on. its own axis 
once in twenty-four hours. 

The revolution of the earth round its axis, every twenty* 
iDur hours, or its diurnal motion, alternately canses day and- 
night, as either side is turned towards or from the sun ; and 
its periodical revolution round thatluminanr, in three hundred 
and sixty-five days six hours, or its onnraaf motion, produces 
the four seasons of the year. 

To form a conception of these two motions of the earth,, 
we may imagine a ball moving upon a billiard-table, or 
bowling-green. The ball proceeds forward upon the greenb 
or table, not by sliding along like a plane upon wood, or a 
slate upon ice, but by turning round its own axid, which- is 
an imaginary line drawn through the centre or middle of 
the ball, and ending on its surface in two points called ita 
poles. 

Conceiving the matter Uien in this way». and that the 
earth, in the space of twenty-four hours, moves from west tov 
cast| the inhabitants on the surface of it, like men on the deck 
of a ship, who are insensible of their own motion, and think 
tliat the shores moTO from them in a contrary direction, will- 
conceive that the sun and stars move from east to west, in the 
same lime of twenty-four hoars» in which, they, along with: 
'the earth, move from west to east. 

Natural Division^ of the Earth. 

76. Tke Micients considered the globe nnder the- 
tiiree grand divisions of Asia, JEurope, and Africa. 
Heire 3ie distiactions were arbitrary, as they often in- 
cljidedEgypt under Asia, andthey liad not discovered 

F 6 
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the limits of Europe towards the north-east. Modem 
discoveries have added a foorth division, that of 
America, which exceeding even Asia in size, might 
have been admitted under two grand and distinct 
denominations, limited by the isthmus of Darien. 

It has always been supposed tliat a vast continent existed 
in the south of the globe. The second navigation of captain 
Cooke dispelled for a time the idea. Bnt it is now disco- 
vered that a continent exists there. The vast extent of New 
Holland rewarded the views of enterprize; this, which seems 
too large to be classed among islands, has been ranked as 
a fifth division of the globe by various geographers of the 
present day, and distinguished by the name of Avstrtdatia 
which term, however, includes also the encircling islands. 

Of the grand divisions of the earth, Asia has ever 
been esteemed the most populous ; and is supposed 
to contain five hundred millions of souls, if China, 
as has been averred by the latest writers^ comprises 
three hundred and thirty millions. . The population 
of Africa may be estimated at thirty millions^ of 
America at twenty millions, and one hundred and 
fifty millions may perhaps be assigned to Europe. 

Modem discoveries have evinced that more than 
two«thirds of the globe is covered with water, whick 
is contained in hollow spaces, or concavites, more 
or less large. But the chief convexites or protu- 
berances of the globe consist of elevated uplands^^ 
sometimes crowned by mountains, sometimes rather 
level, as the extensive protuberance of Asia. In 
either case, long chains of mountains commonly 
proceed from those chief convexites in various 
directions, and the principal rivers usually spring 
from the most elevated groundsu 

The grandest concavity of this globe is filled by the Pacific 
Ocean ; occupying nearly half its surface from the eastern 
shores of New Holland, to the western coast of America, 
and diversified with several groups of islands, which seem in 
a manner the summits of vast mountains emerging from th^ 
waves. This ocean receives but few rivers, the chief bei^ff 
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flie Amur from Tartary, the Hoan Ho and Kian Ktt from 
China, while the. principal riyers of America ran towards the 
east. 

Next to this in magnitude is the Atlantic, between the Old 
and New Continents; and the third is the Indian Ocean; 
The seas betifveen the arctic and antarctic circles and the 
j^oles, have been sometimes styled the Arctic and Antarctic 
Oceans ; but the latter is only a continuation of the PacifiCf 
Atlantic, and Indian Oceans ; while the Arctic Sea is partly 
embraced by continents, and receives many important rivers. 
Besides these, there are otlier seas more minute, as tho 
Mediterranean, the Baltic, and others still smaller, till we 
come by due gradation to inland lakes of fresh water. 

The courses of rivers are sometimes marked by oblong 
concavities, which generally at first intersect the higher 
grounds, till the declivity becomes more gentle on theii 
approach to their inferior receptacles. But even large rivers 
are found sometimes to spring from lowland marshes, and 
wind through vast plains, unaccompanied by any concavity, 
except that of their immediate course ; while on the other 
hand, extensive vales, and low hollow spaces, frequently 
occur destitute of any stream. Rivers will also sometimes 
force a passage where nature has erected mountains and 
rocks against it, and where the concavity would appear to 
be in another direction, which the river might have gained 
with more ease. In like manner, though the chief mountains 
of Europe extend in a south-easterly and north-westerly 
direction, yet there are so many exceptions, and such 
numerous' and important variations in other parts of the- 
globe, as to render any^attempt at a general theory vain. 

From the vast expanse of oceanic waters, arises in^ 
the ancient hemisphere, that wide continent, which 
contains Asia, Europe,' and Africa; and in the 
modern hemisphere, the continent of America, which 
forms a kind of separate island, divided by a strait 
of the sea from the ancient continent. In the latter 
many discoveries of great importance to geography,^ 
are of very recent date, and it is not above eighty 
years since we obtained an imperfect idea of the 
extent of Siberia and>the Russian Empire, nor above 
thirty-five since ample, real, and accurate know« 
ledge of these wide regions began to b^e diffused. 
So that, in truth, America may be said to haYQ 
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been discovered by Europeans before many parts of 
Asia ; and of Africa our knowledge continues imper<« 
fect» while the latest observations, instead of dimi- 
nishing^ rather increase our idea of its extent, at 
least in regard to its insular appendages. 

But the grandest division of the ancient continent 
is Asia^ the parent of nations, and of civilization : oa 
the north-east and south, surrounded by the ocean ; but 
on the west, divided by an ideal line from Africa ; 
and from Europe by boundaries not very strongly 
impressed by the hand of nature. The Russian and 
the Turkish empires, extending over large portions 
of both continents, intimately connect Asia with 
Europe. But for the sake of clearness and precision,, 
geographers retain the strict division of the ancient 
continent into three parts, which, if not strictly 
natural, is ethical, as the manners of the Asiatic 
subjects of Russia,^ and even of Turkey, differ con-* 
siderably from those of the European inhabitants of 
those empiresc 
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SECTION IV. 

PHYSICAL GEOGRAPHY. 

Of the External Appearance of the Eari^h, 

77. To account for the external appearance of tb9* 
eartli. Bishop Burnet in his " Sacred Theory of 
ike Earth," begins with the separation of elements 
from a fluid mass ;.— the heaviest particles are sup* 
posed to have sank and formed a nucleus; the 
water and air took their respective stations ; and 
upon the water the air afterwards deposited in a. 
rich unctuous shell or crust that contained in itself 
the elements of vegetation, and clothed the whole 
with a beautiful verdure. Mountains, seas, protu* 
berances, or inequalities were then nnkaown ;, th& 
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equator was coincident with the plane of &e ecliptic^ 
and all the channs of spring were perpetual. 

Many centuries, however, did not glide away before the 
sun tore the aforesaid cmst, or exterior, into large cracks and 
fissares, which gradually increased till they extended them- 
selves to the great aqueous abyss. The consequences may 
be eanly anticipated. The waters finding vents thus made^ 
7096 higher and higher; the shell was utterly broken up, and 
destroyed^ and that universal deluge took place, of which we 
have an awful description in Gen. vi. and vii. From this 
flood, the state of the world is divided into Diluvian and 
Antediluvian. 

By this catastrophe, the globe of the earth was not only 
shook and broke in a thousand places, but the violence of 
the shock it tlien underwent, shifted its situation ; so that the 
earth which before was placed directly under the zodiac, 
became thenceforth oblique to the same ; whence arose the 
difference of seasons, which the antediluvian earth was not 
exposed to. But at length dry land began to appear, owing 
to a gradual subsidence of the waters, which retired into, 
caverns and crevices originally existing in the nucleus, or 
formcTd by the disruption of the crust. Upon the increasing 
dry land, vegetation began again to exist; and our present 
islands and continents were formed, while the sea still occu-« 
.j>ies in parts its original bed. 

Such is a brief outline of Burnet's romance. 

78. Leibnitz about this time published his **Pfto* 
TOGOSA," in which he supposes the earth to have 
been in a state of combustion for many ag.es,. and at 
length to have gone out for want of fuel. A. glassy 
crust was thus formed, which gave rise to sand and 
gravel ; other kinds of earth resulted from sand and 
salt; and as the globe cooled, the water which had 
before been kept in the state of steam assumed 
fluidity, and falling to tbe earth, produced the 
ocean. v 

79. Whiston*s **New Theory of the Earth" leaves, 
us bewildered and perplexed, and is principally de« 
Serving notice as. accounting for the deluge by the 
approach of a comet towards the earth. 

This comet coming below the moon, woi^ld raise a prodit- 
gious and strong tide in the smaU seas, which, onhishypor 
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thesis, were in the aDtediluvian globe of Ihc world ; and alisa 
in the abyss, which was under the upper crust of the earth. 
This tWe would rise during the approach of the comet, and 
would be greatest when the comet was at its least distance 
^om the earth. By the force of the tide, and the attractioiic 
of the comet, the abyss put on an elliptic figure ; the outward 
crust of the eartii, incumbent on the abyss, accommodating 
itself to that figure, which it would not do while it held solid 
and conjoined, at last broke, and hence the words of Moses, 
the fountains of the great deep being broke up. The same comet, 
in its descent towards the sun, passed so close by the body of 
the earth, as to involve her in its atmosphere and tail for a 
considerable time ; and, of consequence, left a vast quantity 
of its vapours both expanded and condensed on her surface ; 
' but a great part of these being afterwards rarified by the- 
solar heat, would be drawn up again into the atmosphere, 
but afterwards returning in violent rains, make good 
what Moses intimates by the windows of heaven being opened, 
and particularly by the forty days rain; for, as to the following 
rain, which with this, made the whole time of raining 150> 
days, "Whiston attributes it to the unlucky earth coming a 
second time within the atmosphere of the persecuting comet,, 
on its return from the sun. Lastly, to remove the waters, 
he supposes a mighty wind to have arisen, which dried up some, 
and forced the rest into the abyss again, through the clefts by 
which they had come up ; only a good quantity remained in 
the alveus of the great ocean, now first made, and in the 
smaller seas, lakes, &c. Whiston only proposed this theory 
bypothetically at first ; that is to say, he only supposed such 
a comet, because it would feasibly and philosophically ac- 
count for the phenomenon of the deluge ;. but upon reconsl- 
deration, he thinks there actually was such a comet near the^ 
earth at that time ; and that the great comet of 1688 is the 
same. 

80. But no one has proceeded to the forming a 
theory of the earth, with the pomp and circumstance 
of JBuffon. And it merits attention from the eloquence 
with which it is adorned, the extent of information 
it displays,, and the popularity it derived from these 
sources. 

BufiTon supposes the planets in general to have been stnick 
offfrom the sun by a comet; that they consisted of fluid matter,, 
and thence assumed a spherical form : and that by the union 
of centrifugal and centripetal forces, they are restrained iu 
their present orbits. The earth gradually cooled, and th^ 
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mrcmuambient vapours condensed upon its sarface, while 
sulphureous, saline, and other matters penetrated its cracks 
and fissures^ and formed veins of metallic and mineral pro- 
ducts. The scorified, or pumice-like surface of the earth, 
acted upon by water, produced clay, mud, and loose soils, and 
the atmosphere was constituteid of subtle effluvia, floating 
above all the ponderous materials. Then the sua, the winds, 
the tides, the motion of the earth, and otiber causes, becaine 
effective in producing new changes. The waters being 
greatly elevated in the equatorial regions, and mud, grave), 
and fragments being transported thither from the poles, the 
highest mountains were formed between the tropics, the lowest 
towards the poles : and the tropical seas were studded with 
an infinity of islands. The surface of the eartli, once even 
and regular, became now rough, and irregular: excavations 
were formed in one part, and land was elevated in another ; 
and during a period of ages, the fragments of the original ma- 
terials, the shells of various fish, and difierent other exuviae, 
were ground up by the ocean, and produced calcareous strata, 
and other lowland depositions; these relics of marine animals 
which we find at such heights above the present level 
of the sea, render it more than probable that the ocean, 
once entirely overwhelmed the earth. From these pheno- 
mena Buffon draws a series of curious and minute conclu- 
sions, which ^ur limits forbear us even to particularize : but 
every one who now contemplates the earth's surface, traces 
upon it marks of the direst, and most unsparing revolutions, 
which, from the present order of things, it appears impossible 
should re-occur, except by the united and continuous agency 
of the ynost active powers of destruction. Bufibn says this 
arose from the soft state of the former crust of the earth, 
and those causes, now imbecile, and slow in their operation, 
were then more effectually exerted, and results were obtained 
in a few years, for which ages would nov^r be insufficient. In 
contemplating the production of rivers, he regards them HX 
having cut their own way to the sea, and in their course gra- 
dually wearing down the mountainous lands, filling upvallies, 
and choaking. their exits into the ocean by finely divided ma- 
terials: thus every thing is slowly returning to its former 
state ; all mountains shall be levelled, every valley raised up, 
excavations filled up, and the ocean will again cover the earth. 
We shall not enter into the various confutations which these 
speculative notions have met with, nor dwell upon many 
modern theories to which they have given rise ; for though the 
authors of these theories have sometimes clothed their fictions 
in new dresses, we have' no sooner removed the masK> than 
£urnet or ^nffon is instantly recognized. 
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81. The prevailiag theories of the present day arethe 
inyentions of Professor Wernbr of Freyhurgh^ and 
Dr. James Hutton, oi Edinburgh ; each of these 
has been ably supported and elucidated by the proofs^ 
illustrations, and comparatiye views of acute and 
eloquent controversialists, and two sects have been 
formed under the appellation of Wernerians and 
Huttonians. 

The first principle which the Wemeriaa theory assumes is, 
that our globe was once covered with ft sort of chaotic com- 
post, holding, either in solution or suspension, the various 
rocks and strata which now present themselves te us as it» 
exterior crust. From some unexplained cause, this fluid began 
first to deposit those bodies which it held in chemical solu-* 
tion, and thus a variety of ehrystallized rocks were formed^ 
In these we find no vegetable or animal remains, nor even anjp 
rounded pebbles ; but in the strata, which lie upon the crys* 
talline, or first deposits, shells and fnigments occasionsilljr 
occur : these therefore have been termed transititm strata ;, and 
it is imagined that the pe<^liDg of the world commenced 
about this period. The waters upon the earth began now more 
rapidly to subside, and finely divided particles, chiefly result* 
ing from disintegration of Uie first formations, were its chief 
contents : — these were deposited upon the transition rocks,, 
chiefly in horizontal layers. They abound in organic remains, 
and are termed by Werner, Floetz or secondary rocks* 

It is now conceived, that the exposure of the jnimktve 
transition, and secondary rocks to the agencies of the wind and 
weather, and to the turbulent state of the remaining ocean, 
produced inequalities of surface, and that the water retreated 
into low lands and vallies, where a further deposition took 
place, constituting clay, gravel, and other aUuvial formation. 

Tliere are also certain substances which instead of being 
found in regnlariy alternating layers over the earthy are met 
with in patches; as rock-salt, coal, basalt, and some other 
bodies which Werner hath called it^ordinate formations. 
Lastly, subterraneous fires have sometimes given birth to pe« 
culiar and very limited products ; and these are called volcamic 
rocks. Such is Werner's account of the produetion of rocks, 
which he arranges under the terms ]^mary transiti(fn^ second-^ 
ary, aUuvial^ subordinate, and volcanic formations, 

82, Huttw»t looking upon the face of nature, gives, 
a very different account of the present order of thingg, 
and observes every thing in a state of decay ; but au9. 
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she has obvioosTy provided for the regeneration of 

BMiroeA a»d vegelaUbtribea, tiie philosopher descries 

in this apparent desfraetiott oi the sarface of the, 

eaarth, the real source of its renovation* 

The stupendous mcmntains exposed to the action of the 
var^^ing temperature of the atmosphere, and the waters of the 
clouds, are, by slow degrees, saffertng constant diminution r 
tbeicfragUMuit&are dislodged, masses are rolled into the Y^iey, 
or carried by the rushing torrent into rivers ; whence they are 
transported to the sea. The lower and softer rocks are an- 
dcrg^oing similar, but more rapid destruction. The result o£ 
all this most be, the accumulation of new matter in the ocean, 
wluch will be deposited inhorizoDtal layers. Hutton perceives 
the transition rocks of Wemet*, though not^trictly crystalline, 
made up apparently of fiady divided matter^ more or less in* 
diurated; sometimes very bard in texture, and of a vitreous 
fracture ; that this hardening is most perceptible when in con- 
tact with the primitive or inferior rock, which often pervades 
the transition rocks in veins, or appears to have broken up or 
luxated the superincumbent masses. The transition or secon* 
dary rocks of Warner were,, according to Hutton, deposited at 
the bottom of the ocean, in consequence of operations similar 
to those which are now active, and the primary rocks were 
formed beneath them by the operation of subterraneous fires ; 
their crystalline texture, their hardness, their shape and frao- 
toreyand the alterations they have produced upon their neigh* 
boars, are tike proofs of the correctness of these views. It is 
by the action of fire then, that rocks have been elevated, that 
strata have been har(teBed, and that those changes have re- 
sulted, which sm examination of the earth's sarface unfolds; 
The production of soils, and of alluvial lands^ is considered 
as dependent upon causes the same ba those referred to in the 
other theory. Hutton. refers to fire as well as water, for the 
production of our present rocks : the former consolidating, 
Murdening, and elevating ; the latter, collecting an«l deposit- 
iBg the strata. 

Of th€ Seasons and Climates. 

83, The axis of the Earth makes an angle of 23P 
29 with a perpendicnlar to the plane of its orbit ; and 
keeps aboays the same oblique direction througboat 
itsauBoal coarse; hence it follows, that during one 
part of its course, the north pole is turned towards 
the Son, and, daring another part of its course, the 
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south pole is turned towards it in the same propor- 
tion ; which is the cause of the diflferent seasons, as 
Springy Summer, Autumn, and Winter. 

84. The seasons in the torrid zone being very dif- 
ferent from what we observe in the temperate zone> 
a short account of them will be necessary. 

As it is summer with us when the sun is nearest our zenith, 
it has by some been imagined, that the inhabitants of the 
torrid zone have double seasons ;. namely, two summers, be- 
cause the sun is twice yertical'to them, — two autumns, when 
he is retiring, &c. But in many places a torrent of rain follows 
the course of the sun, and the worst season is when the sun is 
Tertical : the only distinction of seasons within the tropics, 
therefore, is from hot an^ dry, to hot and rainy ; most countries 
in the torrid zone having six months inclining to a wet, and 
six months inclining to a 'dry air. 

85. On the western coast of Africa, at Sierra Leone, 
the dry season is from September to June, and the 
wet from June to October. About the end of June 
the rains increase, accompanied with dreadful storms 
of thunder and lightning. 

On the gold coast, the rainy seasons lait from April to 
October ; and in the kingdom of Congo, from the end of 
March to the middle of September. The greatest quantity of 
rain generally falls about mid-day. 

The seasons in the eastern coast are the reyerse of those on 
the western : the winter, or rainy season, in Sofala, Mozam* 
bique, and ^anguebar, is from Septemper to February. In 
£gypt rain is a very uncommon phenomenon, yet a largQ 
portion of Grand Cairo was lately (1817) washed away by a 
dreadful torrent of rain. 

' In Abyssinia, the climate, though hot, is tempered by tiie 
mountainous nature of the country. From April to Septem^ 
ber, there are heavy rains. These rains, added to the melt- 
ing of the snows on the mountains, occasion the overflowing 
of the Nile. 

86. In Bengal, the hot or dry season begins with 
March, and continues to the end of May : the intense 
heat is sometimes interrupted by violent thunder- 
storms. The rainy season continues from Jane to 
September ; the three last months of the year ace 
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generally pleasant, bat excessive fogs prevail in 
January and February. By the latter end of July» 
all the lower parts of Bengal are overflowed, and 
form an inundation of more than a hundred miles in 
width, nothing appearing but villages and trees, 
excepting, very rarely, the top of an elevated spot 
appearing like an island. 

The chains of the GLaufs, ranning from north to south 
along the western peninsula of India, intercept great masses 
of clouds, and produce opposite seasons on the coasts of 
Malabar and Coromandel. Tlie rainy season, on the coast of 
Coromandel, is with the N. E. monsoon, or from October to 
April ; and on that of Malabar with the S. W. monsoon, or 
from May to September. In the mont)i of September .the 
navigation on the Malabar coast is open, and ships begin 
to sail from the Malabar shore to all parts of the world.— TTie 
rains are not continual during the wet season, but pour down 
in floods for several days together, or for several hours in a 
day. 

87. Peru is divided into two different climates by 
the Andes,— for whilst it is summer in the moun<^ 
tainous parts, it is winter in the vales. Winter, on 
the mountains, begins in December — but this in the 
vales is the iirst summer month ; and a journey of 
four hours conducts the traveller from one season to 
another. 

In general the qonflned regions on the west of the Andes 
are dry, whilst the wide countries on the east of that chain are 
deluged with torrents of rain, from the trade winds blowing 
over the Atlantic. 

Travellers, on the Andes, have sometimes enjoyed a 
delightful serenity in these elevated regions, at the same 
time that they have heard the horrid noise of tempests dis- 
charging themselves on the level country : they have seen 
lightnings issue from the clouds, and heard the thunders roll 
far beneath their feet. 

At Lima, rain is seldom or never seen, but a strong dew 
falls and waters the valiies. The country is much subject to 
earthquakes ; the most dreadful seems to have been that of 
1747, when the port ofCallao was submerged, and out of 
4000 inhabitants only 200 escaped. 

In Brazil the wet season commonly begins in 



118 Gtoyraphiocd Sdenci. 

March or April, and is over in August ; wken the 
spring, or ratb^ the summer, begins. The nights 
are very cold ; and the nights in summer are colder 
than in winter* 

In Jamaica the rain commonly begins in May. 
July is always very wet; and toward the end of that 
month, and the beginning of August, ikte weather is 
very close. In September ancl October hurricanes 
are frequent. 

In Nicaragua it rains six months, from the first 
of May to the first of November ; in the other six 
months it is hot and dry. 

68. That part of the frigid zone which is inhabited, 
viz. Greenland, Lapland, &c. has only two seasons, 
winter and summer. Their night of winter, the sun 
never appearing above the horizon, is extremely se* 
vere. 

The most rajud riverB are sometimes frozen five or six feet 
deep or more ; the largest lakes and bays are frozen to bear 
any weight, and rocks often burst by the intensity of the 
frost. The brilliancy of the stars, the Aurora Borealis, and 
the full moon, which never sets, make some atonement for 
the absence of the sun. The long twilight also, which they 
enjoy before the sun rises and after he sets, considerably 
diminishes the time of their total darkness. 

The transition from winter's frost to summer's heat is very 
rapid in the frigid zone. The short summer is very warm, 
but foggy. The continual sunshine now enables the inha* 
bitants to lay up a store of provisions for winter. 

89. The hottest part of the earth is in the middle 
and western parts of Africa. The trade winds, in pass- 
ing over the extensive sandy deserts of this continent, 
become heated to an extreme degree before they 
arrive at the western coast. 

The climate, on the western continent, is much 
colder than it is in similar parallels on the eastern 
continent. 

Canada, in North America, which is nearly in the same 
parallel with France, has the winters almost as severe as at 
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PDterebDrg : the riv^ St. Laorenee, notwithstanding^ its 
Inreadth, is frequently frosten the wh(^ of the winter, stro»{|p 
«iioagfa to bear even earriages upon it. Philadelplua and 
New York, nearly in the same parallel with Madrid, have 
oflen isevere winters, but the heat of the summer is excessiYO* 

The cold in the southern hemisphere is much greater than 
in the northern. The climate of Terra del Fuego is an 
instance oTthis : situated as far south as Newcastle is north 
of the equator; and, therefore, were the degrees of heat and 
cold proportionable to the latitude, we miglit expect tho 
iinnimers of Terra del Fuego as warm as those on the banks 
<^the TjTue ; yet Captain Cook, who was there at Midsummer, 
found the cold so excessiyei that a party botanizing on the 
hills, was in danger of perishing by cold. 

The mountains and vast fields of ice, around the Soutli 
Pole, extend to a much gteater distance than those around 
the North Pole. Navigators have penetrated to within 9 
degrees of the North Pole ; yet Captain Cook could not get 
nearer the South Pole than within 18 degrees. 

90. In great Continents the weather is more settled 

than it is in islands : the snmmer's heat is greater, 

and the winter's cold is more intense. ^ 

In islands the beat is tempered by clouds and vapours 
from the surrounding sea ; but the weather is inconstant. 
The cold of winter is also mitigated from the same cause, 
and the frost is generally of short duration. This is parti« 
eolarly the case with respect to Great Britain. 
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OEOQRATHICAL PHENOMENA. 

Of Winds. 

fll. Til E wind is nothing else but the air put violently 
in motion ; and this is occasioned chieBy by means 
of heat. For, when any part of the air is heated by 
the sun, or otherwise it will swell, and thereby 
afiect the adjacent air ; and so, by various, degrees 
of heat in ditTerent places, there will arise various 
motions of the air. 
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When the air is much heated, it will siseend towards thd 
tipper part of the atmosphiere^ and the adjacent air will msh 
in to supply its place; and therefore there will be a stream 
or current of air from all parts, towards the place "Vthere the 
heat is. And hence we see the reason, why the air mshes 
with such force into a glass-house, a tile- kiln, or towards any 
place where a ^reat fire is made ; and also why smoke is 
carried up a chimney, and ^hy the air rushes in ^t the key- 
holie of a door, or any small chink, where there is fire in the. 
room. In general, we may take it for granted, that the air 
will press towards that part of the world where it is most 
heated. 

92. The winds are divided into four pfincipal ones, 
the north, south, east, -and west, which receive 
their names from the four quarters of the world. 

From the Fiigid Zone comes the north wind, which is 
consequently the coldest. 

l*he soulh wind is the warmest^ and particularly in the 
summer, because it comes from the Torrid Zone, over coun- 
tries where the sun is most vertical. 

The east wind is the dryesi, because it comes across the 
vast continent of Asia, which is butlittle watered by rivers or 
seas. 

The west wind tiften blows us rain; because, as it crosses 
the great Atlantic ocean, it attracts a great quantity of 
vapours. ^ 

When these impetuous winds happen to meet, the greatest 
inconveniences follow. I'he sulphureous exhalations from 
the south, torrents of nitre from the north, and watery 
vapours from every side, become indiscriminately blended 
together in one confused mass. From hence proceed tem- 
pests, thunder, rain, hail, and whirlwind. 

93. The velocity of wind is at the rate of 50 orjSO 
miles an hour, in a great storm ; that of a common 
brisk wind is about 15 miles an hour ; and some 
winds move not even one mile in that space of time. 

A person, therefore, oil horseback, and even sometimes 
on foot, may be said to outstrip the wind ; for, if he moves 
faster than the wind, which is very possible, he will have 
a wind in his face, though he move in the same direction with 
the wind. 

The velocity of immd is thirteen times as great as that of 
the strongest wind. 
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Of the Tropical Winds. 

'94. There are certain winds, called trdpioalwindSy 
which blow almost always from the same |>oint of 
the compass, l^hey are oC three kinds. 

The general trade winds/ wliich extend to nearly thirty 
degrees of latitude on each side of the equator, in the A.t-> 
lantic, Ethiopic, and Pacific oceans. On the north side of 
the equator, they blow from norlh-east, on the south side, 
from the south east, and near the equator fVom almost due 
east. 

The numsoons, or shifting trade winds, which blow sis: 
months in one direction, and the other six months in the op- 
posite direction. These are mostly in the Indian, or Eastern 
ocean, and do not reach above two hundred leagues from the 
land. Their change is at the vernal and autumnal equi- 
noxes, and it is accompanied with terrible storms of thunder, 
lightning and rain. The monsoons are occasioned by the 
€old air moving towards those places, in which the air is 
rarefied by the heat of the sun, in order to restore its eqni« 
librium. 

'The land and sea Jfreezes, winch are peiiodical winds, and 
blow from the land, from night to about mid-day, and from 
tlie sea, from about noon to midnight. These winds do not 
extend above two or three leagues from the shore. 

Beyond the latitude of thirty degrees, north and south, the 
winds, as we daily perceive in Great Britain, are more varia- 
l)lc, though it may be observed, in general, that the tendency 
«f the wind is from a colder region to that which is hotter. 

Of the Aurora Borealis. 

95. In illustratitig the two seasons of the year in 
the frigid zone, {north) ; we had occasion to mention 
the benefit derived from the Aurora Borealis. 

That shining light which is often seen by night in the hea- 
vens, and which is vulgarly called the northern lights, or 
streamers, is the Aurora Borealis, which, till the month of 
March, 1716, was not much observed in England. 

This phenomenon is supposed to be the result of electric a 

fluid passing from one region to another ; though some have 

strangely enough supposed it to be produced by nitrons 

And sulphnreoas vapours thinly spread through the atinos- 

VOL. I. G 
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phere and above the clouds, where they ferment, and taking 
fire, the escplosion of one portion kindles the next, and the 
flashes succeed <Hie another till all the vapour is ^et on fire. 
But we know sufficient of the electric fluid's powers and 
operations not to believe it the cause of those streams of 
' light, which under the name of the Aurora Borealis, seem to 
converge towards the zenith of the spectator, or to that point 
of the heavens which is immediately over his head. 
Now black, and deep, the night begins to fall, 
t)rear is the state of the benighted wretch, ^ 
Who then, bewildered, wanders through the dark. 
Perhaps, impatient as he stumbles on. 
Struck from the root of slimy rushes, blue. 
The wild fire scatters round, or gather*d, trails 
A length of flame deceitful o'er the moss : 
Whither decoy'd, by the fantastic blaze, 
Now lost, and now renew'd, he sinks absorpt. 
Elder and horse, amid die miry gulf: 
At other times, gleaming on the horse's mane, 
The meteor sits; and shows the narrow path. 
That winding, leads through pits of death ; or else. 
Instructs him how to take the dangerous ford. 

THOMSON. 

Of Refraction, 

96. 'The earth is surrounded by a bod;^ of air called 

tbe atmosphere, through which the rays of light 

come to the eye from all the heavenly bodies ; and 

since these rays are emitted through a very rare 

medium, and fall obliquely upon the atmosphere, 

which is a dense medium, they will, by the laws of 

optics, be refracted in lines approaching nearer to a 

perpendicular from the place of the observer (or 

nearer to the zenith,), than they would be were the 

medium to be removed; 

Hence all the heavenly bodies appear higher than . they 
really are, and the nearer they are to the horizon the greater 
the refraction, or difierence between their apparent and true 
altitudes will be ; at noon the refraction is the least. The 
sun and the moon appear sometimes of an oval figure near the 
horizon, by reason of the refraction : for the under side being 
more refracted than the upper, the perpendicular dia- 
meter will be less than the horizontal one, which is.not af- 
fected by refraction. 
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Cf Twilight. 

97. The Crepusculum, or Twilight, is that faint 
light whi^h we perceive before the sun rises and 
after be sets. It is produced by the rays of light 
being refracted in tiieir passage through the earws 
atmosphere, and reflected from tbe different, parti^ 
eles thereof. 

■ The twilight is supposed to. end in the eveniog when the 
sun is 18^ below the herxKon, or when stars of the sixth 
tna^tude (the smallest that are visible to the naked eye) 
be^ to appear ; and the twilight is said to begin in the 
momingy or it is dajf-break, when the snn is again within iS^ 
of the horizon. The twilight is the shortest at the equator, 
and longest at the poles ; here the sun is near two months 
before he retreats. 18^ below the horizon, or to the point 
wliese his rays are first admitted into the atmosphere ; and 
he is only two montl^ more bdTore he aniyes at tiie same 
parallel of latitude. 

This majf be illustrated on the globe without a diagram* 

SBCTiON TL 

OP THE TIDES^ AVD THE SALTNESS OF THE SEA, AUB 

TEMPERATURE. 

9S. As rivrers flow and swell, so also does the sea. 
Like them it has its carrents, which agitate its 
waters, and preserve them from putrefaction. That 
r^nlar motion of the sea, according to which it 
efaEs and flows twice in about twenty-four hours, 
is called its tides. 

In its flnx, the sea generally rises for about six 
hours, when it remains, as it were, suspended, and 
in equilibrio, for some' minutes. At that time it is 
called high water* 

la its reflux, the sea falls for about six hours, 
when it remain, as it were, in a like manner, suspend- 
ed, and in equilibrio, for some minutes. At that 
time it is called low water. 

Ob9. 1. We are told that Aristotle, despairing to discover 
tlie tme cause of these wonderful appearances, had the foUy, 

g2 
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in spite of bis philosophy, to throw himself headlong into the 
sea. 

The tides are occasioned by the aitractiou^ of 
the moon. This doctrine remained in obscnrity, 
till Newton explained it by his great principle of 
gravity or attraction 

Since the power of gravity dinunishes as the sqaares 
of the distances increiute, the waters on one side of the 
earth are more attracted by the moon, than the waters to- 
ward the central parts of the earth, and the central parts are 
more attracted than the waters on the opposite surface of the 
earth : hence, the waters on the one aide will be attracted 
less than the centre, or will recede from thence. Hence, the 
form of the water on the surfMse of the earth will become an 
obiong spheroid. 

This oval of the waters keeps pace wilb the moon in its 
monthly course round the earth ; while the earth by its daily 
rotation on its axis, presents each part of its surface to the 
direct action of the moon, twice every day, and thus produces 
two flood and two ebb tides. But because the moon is in 
the mean time passing from east to west in its orbit, it comes 
to the meridian of any place later than it did the preceding 
day ; consequently the two floods and ebbs require nearly 25 
hours to complete them. The tide is not at the greatest 
height, when the moon is in the meridian, but some time 
afterwards, because the force by which the moon raises the 
tide continues to act for some time after it has passed the 
meridian. 

As the moon thus raises the water in one place, and de- 
presses it in another, the sun does the same ; but in a much 
less degree, on account of the small ratio of the semi-diameter 
c^ the earth to the distance of the sun. 

The genius of the student will dictate the diagram of this 
scheme from my description^ which is at once popular and 
scientific. 

The tides are greatest at the new and full moons, 
and are thence called spring tides, .and least at th« 
first and last qnadratnres, and- are thence called 
neap tides, and the highest tides are near the time 
of tlie equinoxes. 

On the full and new moons, which happen about the equi- 
noxes, when the luminaries are both in the equator. 6c near 
it, the tides are the greatest : for example, the two eminences 
of water are at the greatest distance from the poles^ and 
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hence the difference between ebb and flood tide is more seD« 
sible ; for if those eminences were at the poles, it is obyioos 
we should not perceive any tide at all : again, if the eqoato- 
rial diameter of the earth be produced, it passes through the 
moon, which diameter is longer than any other, and, conse- 
quently, there is a greater disproportion between the distances 
of the zenith, centre, and nadir, from the centre of gravity 
of the earth and inoon, in this situation, than in any other : 
foially, the water rising higher in the open seas, rushes to the 
shores with greater force, where being stopped, it rises higher 
still ; for it not only rises' at the shores in proportion to the 
height to which it rises in the open seas, but also according 
to Uie velocity with which it flows from' thence against the 
shore. The spring tides which happen a little before the 
vernal and afler the autumnal equinox, are the greatest of 
all, because the sun is nearer the earth in the winter than in 
the summer. 

Wben the moon is in the northern hemisphere 
it produces a greater tide while it is in the meridian 
above the horizon, than when it is in the meridian 
below it ; when in the southern hemisphere^ the re- 
verse is the case. 

For the like reason, when tlie moon is in the 
southern signs, the greatest tides on the other side 
of the equator will be when it is below our horizon, 
and the least tides when it is above it. 

These things would happen uniformly, were the whole 
surface of the earth covered with water ; but since there is a 
multitude of islands and two vast continents, which interrupt 
the natural course of the water, a variety of appearances are 
to be met with in difierent places, which cannot be explain- 
ed, without regarding the situation of shores, shoals and 
other objects, which contribute in producing those appear- 
ances. 

There are frequently streams or currents in the ocean, 
which set ships a great ws^y beyond their intended conrse* 
There is a current between Florida and the Bahama isluids, 
which always runs from north to south. A current runs con- 
stantly from the Atlantic, through the straits of Gibraltar, 
into the Mediterranean. A current sets out of the Baltic sea, 
through the sound or strait between Sweden and Denmark, 
into the German ocean ; so that there are no tides in the 
Baltic. 
About small Islands and head-lands in the middle of the 
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ocesn^ tbelides rise very little^ .bat in some bays, and aboat 
the months of mers, they rise from twelve to fifty feet. 

P^haps it tnay be said, that as a carrent constancy runs 
ffom the Atlantic into the Mediterranean, the waters of that 
aea ong^ht to increase. By no means. The water extracted 
from it in vapours, is more than snffieieBt to Gounterbalance 
the influx. It has been found by calculation, that in a sum- 
mer's day^ there may be raised. in yaponrs, from the Mediter-* 
imnean, 6380 millions of tuns of water. Yet this sea does- 
not rec^e, from ail itsnine grei^ rivers, above 1827 milliona 
of tuns per day, which is. but one^third of what i» exhausted 
in vapours; so tltact, -were it not for the influx from the At- 
limtic, the Mediterranean would mon be rendered dry. 

The tides flow from east to west, for they must 
necessarirly follow the moon's motion^ which is from 
eaat to west^ 

*^The course of the tides, fa<»weVer, is sometimes intertv^ted 
by continents, and other large tracts of land. The tide, for 
Instance, in the Indian ocean, being stopped by the eastern 
coast of Africa, must necessarily flow south, towards the Cape 
c^f Good Hope, which having passed, it then runs northward 
along the Western coast of Africa, to that ef Spain, Portugal, 
and France, till it enters the English channel; there meeting 
the tide from the German ocean, running a contrary way^ it 
is necessarily stopped,, and produces a very great swell of 
of water. 

These two tidu thus flowing jn opposite directions^ and 
nAceting a little irregularly, have sometimes occasioned two 
tideSy the one immediately after the other, in the rlyer Thames^ 
which, though proceeding from a natural cause, and conse- 
quent^ very easy to be explained, haa been looked upon a& 
a prodigy. 

As to the tide o{ rivers,, it must always flow in a direction 
quite the reverse of their natural stream ; for the waters of 
the sea being higher, they must necessarily flow into them,, 
and make their waters flow back, or regurgitate. The tide 
of the Thames, and of all the other rivers on the eastern 
coast of England, must flow westward. The tide of the 
Severn, and of aU the oth,er rivers on the western coast of 
{Sngland, must run eastward ; and so of the irest. 

jAtminws appe^ance of the Surface of the Sea. 

99. Dr. Robertson, in his observations on the tides 
of tbQ Mediterranean!, sayi^ *' I h^ve oftem remarked 
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the very laminons appearance of its waters oti the 
slightest agitation. This phenomenon is fre- 
quently perceived after sunset, especially during 
the warm season* By many people it has been 
supposed to be caused by certain minute luminous 
insects existing in the wateir, — to the disengage- 
ment of phosphorus from the excrements or rie- 
maius of fishes that have died, and other putrid 
matters. 

By seameBi this luminous appearance from the slightest 
agitation, has been considered as generally the precursor of 
blowing weather, and I am pel'saaded flfom repeated obser- 
vation, that the remark is as correct as it is generaL This 
luminoas appearance is but rarely, met with during the win- 
ter season, compared to the freqaency with which it occnrs 
in the summer and autumn. I have never seen it when the 
wind bloWs fresh from a northerly point, or when the tem^ 
p^tature of the air is low ; nor have I remarked it in any great 
degree, but in calm weather, when the temperature of the 
air was high, and especially as the wind was changing to- 
wards a southerly point, and I have always observed that 
this luminous matter was emitted most strongly immediately 
pi^ceding the fall of rain or an overcasting of the sky, shew- 
ing a disposition to the formation of that meteor. 

Upon the whole, I am of opinion, tiiat this apearance of 
light on the agitation of the waters of the Mediterranean, ^ 
sodiehow or other connected with evaporation, and that it 
is occasioned by the rapid evolution of the electric fluid in 
tbat process ; that it rarely depends on phosphoric matters ex- 
isting in i^e waters ; and after repeated and careful observi^ 
tions by mjrself and others, I have never been able to trace its 
appearance as depending on the existence of insects, nor could 
1 6Yer perceive any thing peculiar in the sensible qualities of 
water taken up in such circumstances, or that was di^erent 
from water of the sea when it did not give out this luminous 
appearance. Moreover, as this appearance is only perceived 
on the agitation of the water, it would therefore seem that 
the luminous matter, whatever it may be, does not depend 
on a matter that is merely blended or niixed in the water, 
as in such a state, its appearance would be equally mani- 
fest in a calm, as when there is a gentle ripple on the l^ur- 
face; and it must have been equally discernible in all condi- 
tions of the weather; and what I consider as tending toeorrb* 
borate my opinion, that the electric fluid isgenerally the eame 
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of this shiniiig appearance, an ingenious Greek -pliysiciaa 
informed me that he found it always extremely difficult to 
accumulate the electric ^uid in kist apparatus on such occa- 
sions*. 

V On the Sdltness of the Sea. 

100«. Sea water is salt, while that of rivers is mild, 
fresh, sweetj and fit for human purposes. Some 
think that this saltness arises from great beds> of 
salt lying at the bottom of the sea. But others^ 
more rationally suppose it is owing to the following 
eause. Salt is one of the original principles of na- 
ture, and -is mixed,, in ureatei: or Iqss quantities, 
with most oth^r bodiea. 

Now all rivers run into the sea^ and carry aome salt with 
them ; but no rirers run out of it, nor is any. water taken 
from it, except by exhalation • or evaporation. But chemists 
have demonstrably proved, that no salt can ascend in either 
of these ways ; and donsequently, all the salt carried into ihe 
sea by the immense numbers of rivers that run into, it, re- 
mains behind, and occasions its saltness. 

That no salt ascends from the sea, either by exhalation or 
evaporation, is evident from this, that rain-water, which falls 
from the clouds, and which was originally exhaled from the 
sea, is, of all kinds of water, the sweetest, purest, and light- 
est, and is'made the standard by which philosophers judge of 
all other waters. 

The water of the ocean contains about the 30th part of Its 
weight of salt: the water of the Baltic holds only from the 
200dth to the lOOdth part, consequently the water of the 
Baltic ought to stalid l-40th part higher from the bottom of 
the sea, Sian the water of tb^ ocean^ in order to maintain 
its hydrostatic equilibriuuK It is^ observed, on the Baltic 
shores, that the water subsides, and that its surface Is lower 
in all parts than it formerly was. May not this be in conse* 
quence of the Baltic becoming Salter, and thus approximating 
to the specific gravity and height of the ocean? 

Of the Origin of Springs and Riversi 

101. Various opinions^have been held by ancient, 
as well as modem philosophers, respecting the origin 
of springs and rivers : but the true cause is npw 
pretty well ascertained. It is well known that the 
bjeovt of the son draws vast quantities of vapour 
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from iStte sea, which being carried by the wind to all 
parts of the globe, and being converted by the cold 
into rain and dew, it falls down upon the earth ; 
part of it runs down into the lower places, forming 
rivnlets ; part serves for the purposes of vegetation, 
and the rest descends into hollow caverns within 
the earth, which breaking out by the sides of the 
hills forms Uttle springs ; many of these springs run- 
ning into the valleys increase the brooks or rivulets, 
and several of these meeting together make a river. 

I see the rivers in their infant beds ! 
Deep, deep I Hear them lab'ring to get free r 
I see the leaning strata^ artful ranged: 
The fissures gaping to receive the rains, 
The melting snows, and ever-dripping fogs.. 
Strewed bibuloas above, I see the sands ; 
The pebbly gravel next, the lay era- then. 
0£ mingled moulds, of more retentive earths.. 
The gutter'd rocks, and ma^-ruoning clefts,. 
In pure effusion flow. United," thus 
Th* exhaling sun, the vapour-barden'd air. 
The gelid mountains, that to rain condensed 
These vapours in continual current draw, 
And send them, o'er the fair-divided earth, 
' In bounteous rivers to the deep again ; • 

A social commerce holding firm support.. 

THOMSON... 

Dr. Halley says, the vapours that are raised copiously 
from the sea, and carried by the winds to ihe ridges of moun- 
tains, are conveyed to their tops by the current of air ; vtrbere 
the water being presently precipitated, enters the crannies 
of the mountains, down which it glides into the caverns, tin 
it meets with a stratum of earth or stone, of a nature sufiici'^ 
ently solid to sustain it. When this reservoir is filled, the 
superfluous water, following the directiou of the straium,*^ 
runs over at the lowest ]!lace, and in its passage meets per* 
haps with other little streams, wiiich have a similar origiki ; 
these gradually descend till they meet with an aperture at 
the side, or foot, of the mountain, through which they esi* 
cape, and form a spring, or the source of a brook or uvulet* 
Several brooks or rivulets^ uniting their streams, fotm small 
rivers, and these again being joined by other small rivers, 
and united in one common channel, form such streams d» 
the Rhine, Bhone, Danube, &c. 

65 
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Sevend flprmgB jMA always the same qua»4i^of waler, 
a^pially wli^ ^e least rain or vapour is i^orded, as when 
rain £EtUs in the greatest quantities ; and as tbe fall of rain, 
snow, &e. is incontant or variable, we have Irere a constant 
dDTect produced from an iuconstant cause, it^ich is an mn- 
philosophical conchision. Seme natundisti, therefore, ha?o 
veooorse to the sea, and derive the or^n of several springs 
inmediatBly from thence, by supposing a subterraneous 
circulation of percolated waters from the fountains of the 
deep^ 

Sources of the tUven Gcmgee, Jumna^ and Bhagi^ 

rutta. 

102. Theseimmense rivers take thedrrise iathehearl 
of the stupendous Himalaya mountains, situated in 
the Nepaul country ; and tfie following is an acconnt 
of Captain Hodgson's tour to discover their sources. 

Captain Hodgson left Reital ; — a village consisting of 36 
houses two or three stories high, and bnilt of wood, (in lati- 
tude 30O 48^ N. Won the aist of May, 1817. On the 3 1st he 
descended te the bed of tbe river, and saw the Ganges issue 
from under a very low arch, at the foot of the grand snow 
bc^ The river was bounded cm the right and toft by high 
rooks and snow, bm in front over the detMrachee, the mass of 
sno>W was perpendicular, and from the bed of the stream to 
the summit, the thici^ness was estimated st HtHe less than 
300 feet of solid frozen snow, probably the accumnlation of 
agesy as it was in layers of several feet thick, each seemingly 
tiie remains of a fall of a septate year. 

From the brow of this curious wall of snow, and ilnm^ 
diately above the outlet of the stream, large and hoary icicles 
depended* The height of the arch of «iow is only sufficient 
to let the stream flow under it. — ^Blocks of snow Were falling 
en all sides, and there was little time \o do more than to 
measure the siae of the stream ; the main breadth was twenty- 
leven feet, the greatest depth about eighteen inches, and the 
ahaUawest part nine or ten inches. Captain Hodgson 
believes this to be the first appearance in day-light of th^ 
celebrated Ganges! The height of the halting-place, near 
which the Ganges issues from under the great anow-bed, is 
calculated to be 12,i^l4feet above the sea. 

At Jumnoutri^ the visible source of the rirer 
Jumna, the snow which covers and conceals the 
stream is about sixty yards vdde, and is bounded op 



Ihelrif^kt aoad left by {>redpio6ft of gr«rite40i<feet 
iMck, which haVe fklltnn from the pTeoipkes above*' 
Captain Hodgson ^as able to iheeistLte the thickntliril 
of the bed of snow over the stream very accurately 
by means of a plmnb-line let down tbroagh one of 
the holes in it» which are ^ased by the steam &£ a 

freat nnmber of boilhig springs at the border <rf the 
umna. 

The bead ef the Janraa is ob the S. W. side ot the grand 
Hknidaya ridge, difiering from the -Ganges inasmuch as thaek 
ri^er has the upper part of its cotirSe within the Himalaj^a, 
flowteg from south-east to north-west, and it is only from 
Scfeide, when it pierces throngli the Himalaya tiiat it assumes 
a coarse of afooat 20 south west. Tlie mean latitude of the 
hot springs of Jnmnoutri appears to be 30,68. 

After descending into the bed of the Bhagirutta, that river 
was also traced nearly to its source: the glen through which 
it runs is deeper and darker, and the precipices on either sick 
far more lofty than ik^ne forming the bed of the Jumna : the 
rock in the neighbourhood lof its simrce was granite^ and con* 
taaned black tourmaline. 

Noie. As various other interesting subyectis connected with 
this earth on which we live will crave our attention under 
leparate titles of this work, we reserve these for their proper 
places, as scientific arrangement is absolutely necessary if we 
would travel nature's variegated regions without blindness or 
irregularity. 

Ten^eraiure. 

103. Temperatare is dependent on the depth of the 
atmosphere, and the direction of the solar rays ; hence 
the great heat experienced nnder a deep atmosphere, 
and vertical sun ; the mild temperature nnder 6ne 
moderately high, combined with father oblique ray^; 
and the intense coldin and near the polar regions, wbere 
the atmosphere \h shallow, and the rays very ofeM^e,-^ 
Water, in high latitudes is colder, and consequently 
heavier^ bulk for bulk^ thati in warm climates ; hence 
the constant eurrents Drom the polar regicms towards 
the equator^ and the flo{^in|^ of cold seas mto those 
that are warmer, 

g6 
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In winter, the ocean, from 70^ n» to the equato, is seldoor; 
cooler than 4° below the freezing point; the inland countries, 
^m 40^ 11. to 7^ ^. are freqnently cooled to 40P, 50«, and some- 
times 70^ below the freezing point : consequently the ocean 
winds, at this season, are warmer than those from t|ie land. In 
summer, land is^heated above the temperature of the ocean, but 
BO considerable tract of land is heated toaboTe 16^ or 20^ more 
Hian the ocean, stony and sandy deserts.excepted : therefore tho 
land winds,' at this season, are warmer than the ocean winds. 
^-Seas, in general, if not surrounded with high mountains, are 
a few degrees wanner in summer, and oocriter in the winter, 
than the ocean ; in high latitudes they are frequently frozen: 
the British sea is about d^degrees cooler in winter, and 3^ 
warmer in summer, than the ocean is. The Mediterranean ia 
at all seasons warmer than the ocean; hence the atlantic flows 
Into it. The White sea is frozen in winter ; the Baltic is almost 
wholly frozen ; the northern, parts of the Gulf of Venice are 
sometimes frozen ; many parts of the Black sea and the sea of 
Azcph are frozen ; the waters of the Black sea flow into the 
Mediterranean; the chief part of tbeCo^tait Sea is frozen, 
^ough it is said by Fallasto be lower than the ocean. — Snow 
is perpetual in the torrid zone &t the elevation of 5233 yards 
above the level of the ocean ; under the tropics at 5000 yards ;. 
in the middle latitudes at 2325 yards ;.in thei latitude of 80^ at 
400 yards. 



SECTION vn. 

OE THE PRODUCTIONS, INHABITANTS, RELIGIONS, AND 
. GOVERNMENTS OF THE EARTH. 

104. All natural productions are arranged under 
tbree grand classes, called kingdoms ; 1. the mine' 
ral; 2« the vegetable; and 3. the animal kingdom. 

The^ Mineral kingdom contains, U all earths and stoned ;^% 
mineral combustibles ; 3. salts ; and 4. metals. 

The vegetable kingdom includes all trees, shrubs, and 
plants, whether in the ocean, or on the land ; hence we speak 
of marine and terrestrial vegetables. 

The Animal kingdom contains all living creatures, as 1. 
quadrupeds; 2. bipeds; 3. fowls; 4. fishes; 5. Reptiles; 6. 
insects ; 7. worms. 

Man, the chief of the world,, is the noblest of all God's 
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ereatares. The faculties of reason and speech distinguish 
him as lord of the creation: and his progressive improve-^ 
ment distinguishes his pre-eminence above all other animals. 

Religiou. 

105. There is one God ; to love and worship him is^ 
true religion. 

To worship any created substance is paganism or 
idolatry. 

With respect to worship, men may be divided inta 
Christians, Mahometans, Jews, and Pagans: and 
subdivided into sects. 

The principal of the Christian sects are Protestants, Papists^ 
and the Greek Church, 

The Christians believe in Jesus Christ : the Mahometans in-' 
Mahomet ; the Jews acknowledge neither, but still expect the 
Messiah. 

The Christians have the Scripttwes for their g^ide ; — ^the Ma- 
hometans, the Koran: — the Jews, the Bible, 

Christians are numerous in Europe, and America, some in 
the south of Asia, and a few in Africa. 

iKforAometon^ are numerous in Asia, Africay aad thesoulli- 
east of Europe. 

Pagans abound in Africa and in the interior of America, 
some in Asia^ and a small number in the north of Europe. 

People* 

106. 960 millions of human beings are supposed 
to be upon the earth ; of which, Europe \% said to eon- 
tain 153 millions — Africa, 160, — Asia, 500,---4m«-> 
rica, 150, — and the islands in the Pacific, 7. 

If divided into 3& equal parts, 5 of them will be 
Christians, 6 Mahometans, 1 part Jews, and 18 
Pagans. 

Governments^ 

107. A government may be either Monarchical, 
aristocratical, democratical, or mixt. 

In a monarchy one man governs. 
In an aristocracy the nobles govern. 
In a democracy the people rule. 
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Afnixt comprises liie precedingy such is tlie Goteniinettl of 
Great Britain and Ireland. 

A. monarchical gOYemment is limited or unlimited; Umited, 
as in the British empire; unlimited^ in the rest of Europe* 



CHAPTER V. 

REFINING METALS* 



108. Refining implies the purification of some 
substance. As we use the term it signifies the separa- 
tion of gold, silver, and copper, from each other, and 
obtaining each metal in its pure state. 

SECTION I. 

CUPILLATION. 

109. Gold and silver are called j9«r/i;e^ metals, be- 
cause they are capable of withstanding the action of 
very strong heat. All other metals are reduced to the 
state of oxydes when subject to fire with access of 
air. Gold and silver may therefore be purified from 
baser metals, by keeping them melted till the alloy 
be destroyed. But this process is tedious and ex- 
pensive, from the great consumption of fuel. A 
shorter and more advantageous method of refining 
gold and silver has been discovered, 

A certain qaantity of lead is put into the cmcihle with the 
alloy of gold and silver, the whole is exposed to the action of 
the fire ; and the lead being qnickiy converted by heat into an 
Qxydc, which is easily melted into a 8eBU-vitrified,and power- 
ful vitrifying matter, called litharge, we have only to increase 
the proportion of imperfect metals, the litharge will prevent 
Ihem from being so well covered and protected by the perfect 
metals ; and by uniting with these imperfect metals ; it eom- 
municates to them its property of being very easily oxydated. 
By its vitrifying and fusing property, exercised with force up<m 
the calcined and naturally refractory parts of the other metaU, 
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it accelerates the fusion, scorification, and deparalion of these 
metals. In this operation the lead is scorified, and scorifies 
along with it the imperfect metals/ It separates from the me- 
tallic mass, floats npon the surface of the melted mass, and 
becomes vitrified. But as the litharge would soon cover the 
melted metal, and by preventing the access of air, prevent 
the oxydation of the remaining imperfect metals, such vessels 
are employed as are capable of imbibing and absorbing in 
their pores the melted litharge, and thus removing it out of 
the way. Or, for large quantities, vessels are so constructed, 
that the fused litharge, besides being soaked in, may also 
drain off through a channel made in the corner of the vesseK 

Vessels made of lixiviated wood, or bone-asbes, 
are most proper for this purpose. These vessels are 
called cupels, the process itself cupellation. The 
cupels are flat and shallow. The furnace should be 
vaulted, that the heat may be reverberated upon the 
surface of the metal during the operation. 

A crust, or dark coloured pellicle is continually forming 
upon the surface. When all the imperfect metal is destroyed,, 
and the scorification has ceased, the surface of the perfect 
metal is seen clean aud brilliaiit, forming a kitad of fulguration, 
called lightning. By this mark, the metal is known ta be 
refined. 

Purification of Gold hy Antimonjf. 

110. When gold contains but a smaH quantity of 
alloy, it may be separated from the base metal by melt« 
ing it in a crucible that will hold twice its quaatity,, 
throwing upon it, whilst in fusion, double its weight 
of crude antimony (sulpburet of antimony); The 
crucible is then covered, and the whole kept in a 
state of fusion for some minutes ; and when the 
surface sparkles, it is poured into an inverted cone^ 
which has been previously heated and greased. By 
striking the cone on the ground, the metal will come 
out when cold. 

The mass consists of two substances ; the upper part being 
the sulphur of the crude antimony, united with the impure 
alloy ; and t)ie tower part gold, united to some of the rogulus 
ef antimony. This gold may be separated from the regains 
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of antimony by exposure to less heat than will melt the gold^ 
because antimony is volatile and dissipates in such a heat. 
If the gold is not sufficiently purified by this first process, 
repeat it a second, and even a third time. When a part has 
been dissipated, more heat is required to keep the gold in 
fusion; the fire must therefore be increased towards the con- 
clusion of the operation. The purification may be completed 
by throwing into the crucible, a little crucible, which effec- 
tually calcines the remaining regulus of antimony. If, after 
these operations, the gold be deprived of its usual ductility, 
this may be restored, by fusing it with nitre and borax.. 

The sulphur of the antimony, though it unites with the ^ 
basest metals, does not destroy tiiem, but forms with them a 
scoria, from which they may be separated by treatment as an 
ore. 

Diagrams of crucibles are unnecessary ; every one knowsi 
that a crucible is shaped like a wine glass.. 
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SECTION 11. 



PARTING. 

111. When the quantity of silver miiLed with tha 
^old is considerable^ they may be separated by. 
other processes. Nitric acid, muriatic acid, and 
sulphur, which cannot dissolve gold, attack silver 
very easily; these three agents furnish methods of 
separating silver from gold and the operation is 
celled, parting. 

Parting by nitric acid being the most convenient, 
is almost the only one employed by goldsmiths and 
coiners who call it simply, parting. That performed 
with muriatic acid is only made by cementation, and 
receives the name of concentrated parting* Lastly, 
parting by sulphur is effected by fusion ;. it is called 
dry parting. 

Parting Gold from SUver by Nitric Acid^ 

112. Though parting by nitric acid be easy, it cannot 
succeed exactly unless we attend to some essential 
circumstances. The gold and silver must be in a 
proper proportion; for if the gold be in too great a 
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quantity, it would coyer th^ silver and guard it from 
the action of the acid ; therefore when assayers know 
not the proportions of gold to silver in the mass, they 
rub the mass on a touch-stone of black basaltes^, so 
as to leave a mark upon it ; they then make similar 
marks with Xkeir proof-needles (needles composed of 
gold and silver alloyed in graduated proportions^ 
and by comparing the colour of the several marks,, 
tliey discover the probable scale of admixture. 

If the trial shews, that in a given mass the silver is not i^ 
the gold as three to oue, 'it will not serve for the operation of 
parting by aqaa-fortis, and the quantity of silver necessary to 
make an alloy of that proportion, must be added. Tliis ope* 
ration is called quartation, beoaose the gold is reduced to a 
fourth of the whole mass. No ineonTemen^i^e arises from the 
quantity of silver beiug too great, except a waste of aquarfortis^ 
The nitric acid or aqua-f(u:tis employed, must be pure, and 
free from sulphuric and muriatic acids.. Its purity must 
therefore be ascertained ; and if this be found not sufficient, 
the acid must be purified by nitrate of silver. 

If the .purity o£ the nitric aeid were not attended to, a 
great quantity of silver prc^ortionable to these two foreign 
acids, would be separated during the solution; and this 
portion of silver converted by these acids to sulphate of 
silver, and to muriate of silver, would remain mingled with 
the gold. 

When the metallic mass is properly alloyed,, it is to 
be reduced to plates, called cornets, or to grains, 
rolled up spirally. These are put into a matrass, 
and upon them there is poured a quantity of aqua- 
fortis, whose weight is to that of silver as three to 
two ; and as the nitric acid employed for this ope- 
ration is weak, the solution is at first assisted by the 
heat of a sand-bath, on which the matrass is placed. 

When, no further mark of solution appears, the aqua-fortis 
charged with silver i& decanted. Fresh nitric acid stronger 
than the former, but in less quantity, is poured into tlie 
matrass. This is boiled in the remaininig mass, and decanted 
as the former. Aqua-fortis must be boiled a third time on 
the remaining gold, that all the silver be dissolved. The gold 
then washed with boiling water, is very pure, if the operation 
has.l>een performed with, due attention. It is called, gold vf/ 
farting, ' > 
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The silver dissolved in aqua-fortis, may be sepa* 
rated by distillation. In this case all the aqua-fortis 
is recovered pure, and fit for another parting. Or 
it may be precipitated by some substance having a 
greater affinity than this metal with nitric acid. In 
Uie ascent copper is generally employed for this 
purpose. 

The solution of silver is put into copper vessels. 
The aqua-fortis dissolves the copper, and the silver 
precipitates; the new solution being decanted, is 
then a solution of copper. The precipitate is well 
washed^ tod melted into an ingot, called parted 
silver. 

When this silver has been obtained from a mass which had 
been refined by lead, and when it has been well,wa8hed from 
the solution of copper it is very pare. Or the silver may be 
separated from the nitric acid by adding to it murifttie acid, 
with which it forms muriate of silver. Muriate of silver may 
be decomposed by mixiug it with soder, and exposing it to a 
sufficient heat in a crucible, by this means the soder unites 
to the muriatic acid, and sets the silver free. 

Verditer. The reBners frequently employ this 
solution o^ copper obtained in the process of parting, 
for making verditer ; which is prepared by adding 
quick lime t6 thd solution; a precipitate takes place, 
which is the blue pigment known by the name of 
verditer. 

Parting Goldfrofn Silver hy Cementation* 

113. This is also called concentration, when the 
quantity of gold is so great to that of the silver^ as to 
render it a difficult task by aqua-fortis. The mixed 
metal to be cemented is reduced to plates, as thin 
as small pieces of money. At the bottom of th^ 
crucible, or melting-pot, is laid a stratum of cement, 
composed of four parts of brick dust, one part of 
green copperas (sulphate of iron) calcined to redness, 
and ane part of common salt, about the thickness 
of a finger in depth* Uppn this stratum a layer of 
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plates of the metal is placed, and tiien another 
stratum of cement, and so on till the cracible is 
filled. It is now jplaced in a furnace, or oven 
(ailter a top has been luted on the crucible)^ and 
exposed for twenty-four hours, till it becomes rejJ 
hot, but not melted. The fire is now left to go odt, 
and the the metal to goo1» that it may be separated 
from the cement, and boiled repeatedly in pure 
water. This gold is afterwards tried on a touch- 
stone ; and if not sufficiently purified, the process 
is performed a second time. 

By the above method, we see how powerfully silver is 
dissolved by marine acid, when in a state of subtile vapour, 
that has h^en disenii:aged from the common salt of the 
cement Nitre may be used instead of conmion salt, a^ the 
nitrous acid readily dissolves silver; but the ralidn^ of 
common salt and nitre together is highly injodicious, becai^se 
the j(Hnt acids are able to dissolve some of the gold with the 
silver. Whatever silver has been separated will now remain 
in the cement ; but it may be freed from this by lead, in the 
metliod described in cupellation. 

Parting Gold from Silver in the dry Way. 

114. This called aiso/iar^in^riy/Wum, is performed 
by means of sulphur, which has the property of 
uniting easily with silver, while it does not attack 
gold. This dry parting, is troublesome, and expen- 
sive, and is not undertaken but when the silver far 
exceeds the gold^ because sulphur will not separate 
it so easily as aqua-fortis, and will therefore require 
a further application to cupellation and solution. 

Refining Silver by Nitre, 

115. The principle of this operation is founded on 
the property of nitre to oxydate very powerfully all 
base metals ; whereas the precious metals are not 
afibcted by it. For as the metallic oxydes and 
glasses, remain not united with reguline metals, 
and as those latter when in fusion, sink to the bottom* 
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on account of their greater specific gravity, they 
may be easily parted from the scoria. 

The silver to be purified by nitre is first granulated, then 
mixed with a fourtb part of its weight of dry nitre, an eighth 
part of potash, and a little common glass, all in powder. 
This mixture is put into a crucible, two-tiiirds full. The 
crucible is covered with a smaller crucible inverted, in the 
bottom of which a small hole has been made. Both are , 
luted and placed in a furnace capable of drawing air to make 
the fire intense enough to melt the silver. Then into the 
fornace, charcoal is put to such a height, that only the top 
of the inverted crncible shall be uncovered. The C0al is then 
kindled, and the vessels made moderately red, and a hot 
coal put upon the small hole in the bottom of the inverted 
crucible. If a shining light be observed round this coal, 
and a slight hissing noise at the same time heard, the opera- 
tion proceeds well. The fire is now sustained at the same 
degree till these appearances cease, when it is encreascd, 
so that the silver be well melted, and then the crucibles are 
taken out of the furnace. The large crucible is broken 
when it is cold, and the silver will be found at the bottom 
covered with green alkaline scoria. 

Some silver is apt to be lost in this operation, by the swelt- 
ing and detonating of the nitre, which often forces it through 
the hole in the upper crucible, unless great care be used ;. 
this method has, however, its advantages, being more expe^ 
djtious tlian cupcllation, ^ 

Separating Silver from Copper hg Eliquafion^ 

^ 116, When, in the large way, it is desired to sepa- 
rate a small quantity of silver from much copper with 
which it is alloyed, the process called eliquation ia 
re&orted to. This operation depends on the nearer 
affinity of silver with lead than with copper ; hence^ 
it fuses, and combines with lead at a degree of heat 
in which copper does not fuse. 

Whitening Silver hy Boiling. 

117. The whitening of silver by boiling is one of the 
methods of parting copper from silver in the homid 
way. The silver wrought in any shape is fi^rst ig- 
nited to redness,, then boiled in a ley of muriate dL 
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Socler and acidulous tartrate of potash, and by so 
doing the copper is removed from the surface^ and 
the silver receives a whiter appearance. 

Precipiiaimg Silver by Copper. 

118. Copper has a much greater affinity with oxy- 
gen than silver ; hence, the silver is precipitated from 
its SjolutioDs as a fine silver diist, by metallic cop- 
per. This likewise affords a meaus of discovering 
what portion of silver may be contained in an alloy 
of silver and copper. A quantity of the mixture 
determined by weight is dissolved in niti:ic acid ; 
the solution is diluted with filtered water, and a 
plate of copper hung in it, till no more precipitate. 
The weight of the precipitate, when edulcorated, is 
then compared with that of the whole alloyed metal 
put to trial. 

This silver dust, well washed and mixed with 
gum water, is used in water painting. 

Separating Silver from Copper by an Alkaline 

Sulphuret* 

119. The affinity of copper with sulphnr.is stronger 
than that of silver, hence, liver of sulphur^sulphuret 
of potash) has been proposed as an expedient to 
free silver from copper : for if silver containing 
copper be fused with alkaline sulphuret, the base 
metal will combine with the latter, and be converted 
into scoriae floating on the silver. 

Keir*s Mode of separating Silver from Copper. 

120. A compound acid that will act exclusively 
upon silver, is made by dissolving one pound of nitrate 
of potash (common nitre or saltpetre), in eight or 
ten pounds of sulphuric acid (oil of vitriol), or by 
mixing together sulphuric and nitric acids. This 
acid dissolves silver easily, while it will not attack 
copperi iron, lead, gold, or platina. 
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These properties have rendered it capable of a very useful 
application in the arts. Among the manafactores at Bir* 
mingham, that of making vessels of silver, plated on copper, 
is a very considerable one ; and the method of effecting the se- 
paration of silver and copper, by means of the abovemen- 
ttoned compound, of sulphuric acid and nitre is now com« 
monly practised by the manufacturers at Birmingham, and is ^ 
much more economical, and much easier executed, than any ' 
method previously practised: nothing more is necessary 
than to put the pieces of plated metal into a glazed eavtheof 
pan, pour upon them some of the acid liquor, stir them 
about, that the surfaces may be frequently exposed to fresh 
liquor, and assist the action by a gpentle heat, from 100^ to 
2000 of Fahrsneit's thermometer. 

When the liquor is nearly saturated, the silver is pvee^ii* 
tated from it by common sidt, forming muriate of silver, or 
luna cornea, easily r^ucible to a metallic state, by melting 
it in a crucible, with a sufiQcient quantity of potash ; and 
lastly, by reining the melted silver, if necessary, with a litU^e 
nitre thrown upon it. In this manner the silyer wiH be ob* 
tained sufficiently pure, and the copper will remain unchang- 
ed. Else the silver may be precipitated in its metallic state; 
by adding to the solution of sUver a few of the pieces of cop- 
per, and a sufficient quantity of water to enable the liquor to 
act upon the copper. 

A Method of obtaining Gold in a pure State. 

121. Perfectly pure gold is obtained by dissolving 
the gold of commerce into nitro muriatic acid, and 
precipitating the metal, by adding a weak solution of 
sulpbate of iron. The precipitate, after being well 
cashed and dried, is pure gold, 

A Method of obtahdng Silver in a pure State> 

123. Dissolve the silver of commerce in nitre aci d, 
and add to it some muriatic acid; a white curdy 
precipitate, called muriate of silver, will be formed. 
To reduce this to tlie metallic state, mix one part 
of it with three of soder^ e:xpose the whole to a white 
heat, and when the mixture is well fused, suffer it 
to cool ; then break the crucihle» and separate the 
pure silver from the muriat<^ of soder which has been 
formed. 
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A Method of obtaining pure Copper. 

123* Dissolve the copper of commerce in muriatio 
acid, and precipitate it by a polished plate of iron ; 
the precipitate will be pare copper. 

2'o make Brass, and other alloys of Copper^ 

124. Brass is made by fusing together lapis cala- 
minaris (which is an ore of zinc) and copper. 

'Tornhac is formed by melting togellier twelve 
parts of copper with three of zino. 

(hm-metal consists of nine parts of copper and of tin. 

BelL-metal is copper alloyed with one-sixth of tin, A 
sn^aller proportion of tin is used in making charch bells 
than clock bells, and a little zinc is added for the bells of 
repeating watches, and other small bells. 

Coch-metal is made with copper alloyed with zinc and lead. 

The gold coins of this country are composed of eleven 
parts ofgold and one of copper. 

Standard silver contains fifteen parts of silver and one of 
copper. 
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CHAPTER VI. 

THE PHILOSOPHY OP THE VEGETABLE KINGDOM- 



SECTION I. ' 

INTRODUCTION. 

125. Vegetables are organized productions sap- 
ported'by air and food, endowed with life, and sub- 
ject to death, like animals. They have, in some in- 
stances, spontaneous, not voluntary motion. They 
are sensible to the supply of nourishment, the ac- 
tion of the air, and light, and thrive or languish, 
according to the wholesome application of these 
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stimulants. This is evident to all who have ever 
seen a plant growing in a situation, for which it is 
not suitable. Those who have- gathered! a rose^ 
know how soon it withers ; and the familiar appli- 
cation of its fate to that of human life and beauty, 
13 not more striking to the imagination, than philo- 
sophically correct. 

l^he history of the vegetable kingdom is termed 
BoTANY> a science which includes the practical 
discrimination, the methodical arrangement, and 
the systematic nomenclature of vegetables. 

The external covering of plants> is commonly 
transparent and smooth ; but sometimes it is downy ; 
and sometimes so hard that flint has been detected 
in its composition. ^The Dutch rush serves as a 
61e to polish wood, ivory, and even brass. Under 
the cuticle, is found the cellular integument of a 
pulpy texture, and the seat of colour. It is usually 
green in the leaves and stems, and is dependant for 
its hue on the action of light. 

When tlie cellular% integmnent is removed, the hark pre- 
sents itself; in plants and branches only one year old, the 
bark consists of a simple layer. In the branches and stems 
of trees it consists of as many layers as they are years old. 
The PeriiTian bark affords * a cooling draught to the fevered 
1^ ;' that of the cinnamon yields a rich cordial ; that which is 
stripped from the oak, is used for tanning. Immediately 
under the bark is situated the woed^ which forms the great 
bulk of trees aiid shrubs. ^ This also consists of numerous 
layers, as may be observed in the fir, and other trees ; and 
from these concentric circles, the age of the tree is deter- 
mined. Within the centre of the wood is the medulla or pith, 
a ceil filar substance, juicy when young, extending from the 
roots to the summits of the branches. In some plants, as in 
grasses, it is hollow, merely lining the stem. The trunk en- 
larges by the formation of new liher, or inner bark, evfery 
year, the undermost layer is transformed into ccn^ex or outer 
bark, becoming the labumam or soft wood of the next, and 
the laburnam becoming the lignum or hard wood. 

The chemical or elementary principles of vegeta- 
bles, are carbon ^ water, and air ; or hydrogen (15), 
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and oxygen (B6), for the constituent parts of (100) 
water; and azote and nitrogen (72), and oxygen 
(28), as the constituent parts of (100) atmospheric 
air ; and axrbon. 

124. Vegetables generate, or give out oxygen or 
vital air, in the light or sunshine by a natural process 
of their o^n. The saccharine and oily productions 
of vegetables are parts of their sap or juices ; but the 
turpentine, bitter^ a.nd acid principles, ^e eiflTects of 
secretion. The green colour of vegetables arises from 
the oil they contain ; the rays of tiie sun extract the 
oxygen from the outer surface, and leave the car* 
bon and hydrogen the constituent parts of oil. 
Healthy vegetables^ in general, perspire water by 
the under part of their leaves, equal to one-third of 
their weight, every twenty-four hours. Nor do they 
derive their substance in a principal degree from 
the matter of the soil in whicn they grow ; but they 
arov created as it were by a vital principle of their 
own, out of air and water, and of the imperceptible 
matters combined with air and water, from which 
they derive distinctions of smell, taste, and sub* 
stance. 

SECTION II. 

OF ROOTS, BUDS, TRUNKS, LEAVES, PROVS, INFLORESCENCE, 
FRUCTIFICATION, AND CLASSIFICATION. 

1 25. Ro OT s are necessary to fi^ and hold plants, in the earth 
from which they imbihe noarishment. Roots are either onniMl 
or living for one season, as in barley ; biennialy which survive one 
winter, and after perfecting their seed, perish at the end of the 
following summer, as wheat; or j?erenma/. Which remain and 
produce blossoms for an indefinite number of years, as those 
of trees and shrubs in general. 'J'he root consists of two 
parts : The caudex or stamp, which is the body or knot of the 
root, from which the trunk and branches ascend, and the 
fibrons roots branching from the caudex. 

Each tree, each plant, from all its branching roots, 
Amid the glebe small hollow fibres shoots; 

VOL. I. H 
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Which drink with thirsty mouths the vital jaice. 
And to the limbs and leaves their food diffuse ; 
Peculiar pores peculiar juice receive ; 
To this deny, to that^ admittance give. 

BLACRMORE. 

126. Buds are, in most instances, gaarded by 
scales, and famished with gum or wooliiness, as an 
additional defence. Buds are various in their forms, 
but very uniform in the same species, or even genus* 
They unfold the embryo plant. 

127. The trunk of a tree includes the stems or stalks. 
The stem as it advances in growth, either supports 
itself, or twines round other bodies. It is either 
Simple, as in the lily : or branched, as in other plants. 

128. Leaves are generally so formed as to present a 
large surface to the atmosphere. When of any other 
hue than green, they are said to be coloured* The in* 
ternal surface of a leaf is vascular and pulpy, clothed 
with a cuticle, very various in^different plants, but its 
pores are always so constructed, as to admit of the 
requisite evaporation or absorption of moisture, as 
well as to admit and give out air, and light also acts 
through this cuticle. 

129. The effect otmoisture'omsi have been observed 
by every one. By absorption from the atmosphere, 
the leaves are refreshed; by evaporation, when sepa- 
rated from their stalks, they soon fade and wither. 
The nutritious juices, imbibed ttom the earth, be- 
come sap, and are carried by appropriate vessels into 
the substance of the leaves, and these juices are 
returned from each leaf into the bark. 

This is effected by a double set of vessels, analogous to the 
arteries and veins in animals, and is tlie circulation of the 
vegetable blood or sap. The sap is carried into the leaves 
for the purpose of being acted upon by air and lights with the 
assistance of heat and moisture, and by all these agents, a 
most material change is wrought in the component parts of 
the sap, according to the nature of the secretions. The green 
colour of the leaves is owing to 'the action of light, but they 
are subject to a disease by which they become partially 
spotted or streaked, and in this state are variegated. The 
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irritable nature of leaves is very extraordinary, for the aenni- 
tive plant, common in bot-hoases, when touched by any ex- 
traneous body, folds up its leayes one after another, and the 
foot-stalks droop, as if dying. 

130. Props or falera, are appendages to the tmc 
]eaves^ or to their stalks. 

Your contemplation further yet pursue : 
The wondrous world of vegetables view ! 
See various trees their various fruits produce, 
Some for delightful taste, and some for use« 
See sprouting plants enrich the plain and wood» 
For physic some, and some designed for food. 
See fragrant flowers, with difierent colours dyM, 
On smiling meads unfold their gaudy pride. 

BLACKMORB. 

131. Inflorescence treats of the different kinds or 
modes of flowering. Sometimes the flowers sur- 
round the stem in a garland or ring, as in mint, dead- 
nettle, &c. In other plants, a cluster^ which bears 
several flowers, each on its own stalk, like a banch 
of cnrrants. In other plants, nameroas cronded 
flowers are ranged along an upright, common stalk, 
expanding progressively, as in wheat and barley. 
Again we find a flat topped spike, as in the cabbage 
and wall -flower. 



Who can paint 



Like Nature? can imagination boast, 
Amidst his gay creation, hues like hers ? 
And can he mix them with that matchless skUl, 
And lay them on so delicately fine. 
And lose them in each other, as appears 
In every bud that blows ? If fancy, then. 
Unequal fails beneath the pleasing task, 
Ah ! What shall language do % 

TH0U80K. 

132* Fructification is a term comprehending not 
only the parts of the fruity but those also of the 
flower. The parts of fructification are described by 
many technical words, but include chiefly the flower- 
cup, or external covering of the flower ; the calyx, 
consisting in general of the coloured leaves of the 
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flower; the stamens, and the cells containing the 
pollen or fecundating dust : the pistils stand in the 
centre of the circles formed by the stamens, and con- 
sist of the germen or rudiments of the future fruit 
or seed; the seed are composed of the embryo or 
germ, and are often accompanied by accessory parts ; 
as spines, hooks, scales, and crests, generally sery- 
ing to attach such seeds as are furnished with them, 
to the rough coats of animals, and thus promote their 
dispersion. 

Go, nark the matcbless workings of the Power 

That shuts within the seed the future flower ; 

Bids these, in elegance of form excel. 

In colour these, and those delight the smell ; » 

Sends N ature forth, the daughter of ihe skies, 

To dance on earth, and charm all human eyes. 

COWPER. 

133. Classification, though last in order is first in 
importance ; and of all the systems of Botany, that of 
Linnseus, now generally acknowledged and adopted, 
is founded on the number, situation, and proportion 
of the stamens and pistils, whose uses and structure 
have been just explained. The followiug twenty- 
four classes owe their distinctions principally to the 
stamens. 
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SECTION III. 

THE CLASSES. 

1. Monandria^ one stamen. 7. Heptandria, seven, 

2. Diandna, two stamina. 6. Octandria, eight. 

3. Triandriaf three 9. Ermeandrid'y nine. 

4. Tetrandria, four. 10. Decandna, ten. 

6. Pentandria, five, 11. Dodecandria, Twelve. 

6. Hexandria, six. 

* To the mere English reader the trammels of scientific 
classification are the numerous Latin and Greek words, which 
by their signification express the thing for which they stand ; 
bnt to those who are versed in those languages, the words 
borrowed from them are so many keys by which to unlock 
tlie stores of nature. 
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12. leoiandna, twenty or more stamina, inserted into the 
calyx. 

1 3. Polyandrta, all above twenty inserted into the receptacle. 
14 Didtfiiamia, four stamina, two long, and two short, 

15. Tetradynamifiy six stamina, four long^, and two short. 

16. MonaJelphia, the stamina, united into one body by the 
- filaments. 

17. Diadelphia, the stamina united into the bodies by the 
filaments. 

18 Polyadt^p/dOj the stamina united into three or more 
bodies by the filaments. 

19. Syngynesia^ antlers united into a tube. 

20 Gynancbria, stamens inserted either upon the style or 
germen. 

21. J^onoeeia, stamens and pistils in separate flowers, but on 
the same plant. 

22. Diecia, stamens and pistils, like the former, in separate 
fiowers» but on two separate plants. 

23. Pidygamia, stamens and pistils separate in some flowers, 
united in others, either in one, two, or three distinct plants. 

24 Cryptogamiay stamens and pistils, either not well as* 
certained, or not to be number^ with eertainty 

185. The orders, or subdivisions of the classes are 
generally marked by the number of the pistils, or by- 
some other circumstance equally intelligible. The 
names of these, as well as of the classes, are both of 
Greek derivation, and designate the functions of the 
respective organs. A further division of the orders, 
founded on distinctions in the nectarinm, lead to 
Genera. Other divisions of the genera, in regard to 
the root, trunk, leaves, 8cc. lead to Species; and 
casual difference in species are called vmieties. 

The orders of the first thirteen classes are established upon 
the number of pistils, and they are designated by the Greek 
words monogynia, digynia, trigynia, &c. signifying one, two, 
three, &c. 

We have in the oanna or American reed an instance of 
the monuidria monogynia, that is, a flower with one stamen 
and one pistil. In the jasmine we see an instance of the 
diandria monogynia, or flower that has two stamens and one 
pistiL In the linum or flax, there are five stamens and §i\e 
pistils : and the flower is called pentandria pentagynia, that 
is, one having five males and five females, and so of the rest. 

The orders of the fourteenth and fifteenth chissea are 
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characterized by the manner of producing seed ; and thoite 
of the sixteenth, seventeenth, and eighteenth, are founded 
on the number of stamens which compose them. 

The orders of the nineteenth class are marked by the 
united or separated, barren or fertile nature of the florets. 

The orders of the twentieth, twenty-first, and twenty- 
second, are distinguished, almost entirely, by the number 
of their stamens. 

The orders of the twenty-third are called monoecia, and 
dioecia, for reasons which have been given in the last 
lesson. 

The four orders of the twenty-fourth class are ferns, 
mosses, flags, fungi, and liver worts. 

The study of bo][any has been applied as a guide to estimate 
the qualities of plants. 

The first order of the fourteenth class, denominated " didy^ 
nam\j| gymnos permia,'' are all innocent or wholesome: those 
of the other order are febrile, narcotic, and dangerous, being 
allied to a large part of the pentandria monogynia, known to 
be poisonous, as containing henbane, nightshade, and tobacco* 
The whole class tetradynamia, is wholesome. Whenever 
the stamens are found to grow out of the calyx, they indicate 
the pulpy fruits of such plants to be wholesome, except the 
seeds of the laburnum, which, if eaten unripe, are vioiently 
emetic and dangerous. Milky plants are generally to be 
suspected. Umbelliferous plants which grow in dry or ele* 
vated situations, are aromatic, safe, and often wholesome, 
while those that inhabit low and watery places arc among the 
most deadly poisons. 

136. The natural substances found in all vegeta* 
bles are, sugar in the sugar-cane, beet, carrots, &c. ; 
gum, or mucilage, oozing from many trees ; Jelly, 
procured from many fruits ; turpentine and tar from 
the pine ; bitters, from hops and quassia ; and the 
narcotic principle from the milk of poppies, lettuce, 
&c. 

137. The vegetables of greatest value to man, pro* 
duce gluten or starch ; as wheat, potatoes> barley, 
beans, &c. Oils are produced by pressing the seeds 
or kernels of vegetables ; as olives, almonds, linseed, 
&e. Volaiile oils are distilled from peppermint^ 
lavender, &c. Wax is collected from ail flowers by 
bees. Resins exude like gum from firs and other 
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frees ; and are known as balsams, varnishes, tarpen-^ 
tine, tar, pitch, &c. Of this class too, is Indian 
rubber ; which is a gum that exudes from a certain 
tree in South America. And iron also mixes with 
the substance of most vegetables ; and is the cause 
of the beautiful colours of flowers. Pot-ash is ob- 
tained from the ashea of burnt vegetables; as kelp, 
vine, fern, &c. 

Hail, Source of Being ! Universal Soul 

Of heaven and earth ! Essential presence, hail ! 

By Thee, the various vegetative tribes. 

Wrapt in a filmy net, and clad vnth leaves, 

Draw the live ether, an^ imbibe the dew : 

By Thee, disposed into congenial soils, 

Stands each attractive plant, and sucks and swells 

The jaicy tide, a twining mass of tubes : 

At Thy command, the vernal sun awakes 

The torpid sap, detruded to the root 

By wintry winds; that now in fluent dance. 

And lively fermentation, mounting, spreads 

All this innumerous coloured scene of things. 

Thomson. 

Anatomy of Plants* 

138. In order to comprehend this subject the follow- 
ing general principles may be of service; they may 
be verified in most plants ; and observation is here 
the best teacher. » 

First, All plants do not perspire. 

2. That there is not in all plants an uniform 
circulation of sap. 

3. In general the spiral wire is the muscle of the 
plant. 

4. The leaves are for the most part the lungs of 
the plant. 

6. The different divisions of the leaves, are formed 
of the elongations of the bark and inner bark vessels. 

6. Hairs and instruments of that kind are the 
means which Nature takes to form the different 
juices according to their various affinities. That 
these figures were taken for perspiration, but are 
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in reality liquids received from the atmosphere and 
Oowing into the plant, not a juice running from it. 

7. The root is the grand laboratory of all plants, 
where the great chemical operations are going on« 

8. The heart of the seeds is formed in the extre- 
mities of the side-roots. 

9. The flower is also formed in the mid^jie root* 
and thepoUen in the tap root. 

10. Tlie corolla of a flower is formed by bubbles 
of water placed in rows> and owes all its beauty, 
and the lightness of its tint, to the refraction and 
reflection of the sun on the drops of water which 
form its pabulum. This though of apparent snbtilty 
is nevertheless verified by experiment, 

11. The roots and leaves of a plant will mpist 
exactly mark not only what is the soil in which they 
originally grew, but the situation from which they 
came, whether a water plant or a dry plant, a rocx 
or a valley plant, 8cc. . 

12. The water, semi-water, and rock plants 
alone can be said to have direct air-vessels, though 
these may be found in parasite and early spring 
plants, such as the crocus and hyacinth. 

SECTION IV. 

POPULAR BOTANY. 

139. In order to illustrate the advantages of this 
entertaining science we will give a few specimens 
from the '* Useful ipiowledge'' of that elegant 
writer on the Mineral, Vegetable, and Animal 
Ejngdom* the Bev. Wm. Bingley. And first a 
common root, the parsnip shall furnish an example. 

The wild and cultivated parsnips differ much from each 
other, but particvLirly in the roots of the ktter being kigo 
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and succulent, and those of the former being slender and 
woody. Parsnips are propagated by seed sown in February 
or March, and the roots are in perfection about October* 
These, besides their use as a vegetable for the table, are of 
great value for the feeding of cattle, horses, sheep, and hogs. 
JLiand in Guerasey, which lets for £7 an acre, is sown with 
parsnips to feed cattle; and the milk of the cows so fed is 
pot only richer than it would otherwise be, but yields butter 
of fine saffron colour and excellent taste. If washed clean 
and sliced among bran, horses eagerly devour parsnips, and 
thrive well, though there is a notion that they are thereby 
subject to become blind. They fatten sheep and oxen in 
a short time ; and. for pigs they are at least equal if not 
superior i<^ carrots. As food for mankind they are considered 
extremely nutritive ; and may witli great advantage be kept 
oil board ships for long voys^ea. It is, however, said that 
they should not be dug up for use in the spring, because, at 
that season, lite nutritive juices rising upward to produce the 
seed, they are then unwholesome. Parsnips abound in 
saccharine juice ; and various experiments have in vain been 
made with a view to extract sugar from them. In some 
parts of Ireland they are used instead of malt in brewing ; 
and, when properly fermented, afford an agreeable beverage. 
The seedt are said in some cases to have proved an efficacious 
lemedy in intermittent fevers. 

140. Let as read as a second example Mr. Bing* 
ley's description of the peach. 

This rich and delicious fruit is highly and deservedly es^ 
teemed at table, as aft article in our deserts ; and, when ripe 
and fresh,, is grateful and wholesome, seldom disagreeing 
with tiie stomach, unless this organ be not in an healthy 
state, or the fruit has been eaten to excess. When preserved 
in wine, brandy, or sugar, it looses its good properties. 
The kernels yield a salubrious bitter. The flowers, which are 
very beautiful^ and appear only in the spring, emit an agree- 
able odour,, have a bitterish taste, and, including the calyx 
as well as the corolla, are used for medical purposes. The 
leaves are- occasionally employed in cookery, but they ought 
not to be used without great caution on account of their in- 
jurious properties. 

There are many varieties of the peach, some of which are 
much more esteemed than others. The mode in which the 
trees are usually propagated is by a process termed budding, 
or grafting upon the stock of' some other tree; and by this 
process tlK>se of any favorite kind may be exactly obtained^ 
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141. We shall take as a third example a vegetable 
whose history is perhaps as engaging to the epicure 
as to the child. 

The Truffle (Tuber dbarium) is a globular, 
solid, and warty fungus, without root, which grows 
at the depth of four or five inches beneath the sur- 
face of the earth, and is from the size of a pea to 
that of a potatoe. 

This, one of the best of the edible funguses, is chiefly 
found in hilly woods and pastures, which have a sandy or 
clayey bottom ; it occurs on the downs of Wiltshire, Hamp- 
shire, and Kent. Truffles are generally discovered by means 
of dogs, which are taught to bant for them by their scent; 
and wherever they smell one of them they bark, and scratch 
it up. In Italy they are hunted in somewhat similar manner 
by pigs. 

Truffles are either served at table roasted in a fresh state 
like potatoes, or they are cut into slices and dried, as an in- 
gredient for sauces and soups. Those that are most d^lici* 
ous are internally of white colour, and have somewhaf the 
odour of garlic. 

In England truffles seldom exceed, the weight of four or 
five ounces, whilst on the continent they are known to weigh 
fifteen or sixteen ounces each. 

142. The commonest plants sometimes possess the 
most extraordinary properties : thus, the Buck-bean, 
or Bog-bean (Menyanthes trifoliata) is a very com- 
mon plant in shallow ponds ; and is distinguishable 
by its leaves growing in threes, and its pink and 
white flowers being shaggy on their inner surface. 

There is no British plant the flowers of which are more 
beautiful than those of buck-bean : and nothing but the 
difficulty of propagating it in dry ground could prevent its 
having a place in every garden. The leaves are intensely 
bitter, and are occasionally used in the Highlands of Scot- 
land as a tea, to strengthen the stomach. The inhabitants 
of some part of Sweden employ them in place of hops, to im- 
part a bitter taste to ale ; two ounces of them being consi- 
dered equal in strength to a pound of hops. By some per 
sons the leaves of buck-bean are smoked instead of tobacco ; 
and different preparations of this plant have been found effi- 
cacious as a remedy against agues, and in scorbutic and. 
scrophulous diseases, rheumatisms, and dropsy. There is an 
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opinion that sheep, when compelled to eat of buck-bean are 
cared of the rot. In Lapland it is said that the pounded 
roots, though very unpalatable, are sometimes converted 
into bread. 

143. And though the following be a subject of little 
comparative importance, the mode in which it is 
treated makes it peculiarly interesting to the de- 
scendants of ancient Britons. Leeks (^allium por^ 
rum) belong to the onion or garlic tribe, and are 
known by their leaves growing out on each side, 
somewhat in the shape of a fan. 

In some countries leeks are much esteemed for culinary 
uses, in soups, broths, and for boiling as greens with meat. 
They are considered the badge of the Welsh nation, and re- 
presentations of Uiem are frequently worn by persons of that 
country on the day of their patron saint, St David. The . 
origin of this custom was an occurrence, during the Welch 
wars, in which a party of Welchmen, wanting a mark of 
distinction, and shortly afterwards passing through a field or 
garden of leeks, seized and stuck them in their caps, and 
under this signal were victorious. 

Leeks are natives of Switzerland. 

We will close this subject with the following ar- 
ticles which may be considered 

Botanical Phenomena. 

, 144. In Ampthill Park^ the residence of the late 
Lord Ossory, now that of Lord Holland, stands one 
of those magnificent monarchs of the wood, — a parti- 
cularly large oak. T!he circumference of its base is 
upwards of forty feet; its middle girt is about 
thirty : it is quite hollow, forming a concavity suf- 
ficient to contain four or five middle-sized persons 
standing together withinside. 

The chief of its branches, which is much greater 
in dimension than many parent oaks, is supported 
by a couple of largQ wooden props, on account of itft 
weight being too great to be kept up by the maiu 
body of the tree. 

' h6 
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It was the tayonrite of the late proprietor. Lord 
Ossory ; and, in 1802, he caused a white board to 
be fixed on it, which still continues^, and on which 
the following lines are inscribed : 

Majestic tree, wbose wrinkled form hath stood. 
Age after age, the patriarch of the wood; 
Thou, who bast seen a thoasaiid springs uafold 
Their rave^d bods, and dip their flowers in gold r 
Ten thousand times yon moon re-light her horn. 
And that bright star of evening gild the mouj ! 

GigaDtic oak ! thy hoary head sublime, 
Erewhile must perish in the wrecks of time : 
Should round thy head inocuous lightnings shoot, 
And no fierce whirlwinds shake thy stedfast root, 
Yet shall thou fall ; thy leafy tresses fade. 
And those bare scattered antlers strew the glade ; 
Arm after ^m shall leave the mouldering bust. 
And thy firm fibres crumble into dust. 
The Muse alone shall consecrate thy name. 
And by her powerful art prolong thy fame ; 
Green shall thy leaves expand, thy branches play, 
And bloom for ever in th' immortal lay. 

145. There is a large oak in Saleey forest, North- 
amptonshire, .which is forty-two feet in girth at the 
surface of the ground, and diminishes very little for 
several feet upwards. 

It is short in proportion to its diameter. It Ls so com- 
pletely excavated by the secret hand of all-destroying Time, 
that the trunk is a mere shell. There is a passage formed 
quite through it,— 

Arch'd so high, that giants may jet througlu 
And keep their impious turbans on, without 
Good-morrow to the sun. 
The branches are short and stunted, and its whole appear- 
ance betrays those marks of general decay, which threaten 
its fall at no distant period. Some years ago it had two 
benches fixed in the inside, and which afforded accommoda-^ 
tion sufiicient for half a score people to sit very comfortably. 
The seats have disappeared ; but care has been taken to en- 
close it with a rail-fence, to prevent cattle from disturbing it 
in the last days of its old age. 

146. There is now growing in the Earl ofllchester's 
park, at Melbnry, in the county of Dorset, an oak- 



Boianicai Ph^notnena. 157 

tree that measares upwards of thirty feet in circam* 
ferenee, at about four feet distance from the ground. 
rt was measured in 1817» when it appeared ia full 
vigour, and most likely had not attained its full 
growth. This tree is called ** BiUy WilkinsJ' 

There is an oak-tree in the parish of Winfarthin^, in 
Norfolk, OB the estate of the £arl of Albemarle, which is 
larger than either of the foregoing. It measures, breast-high, 
at its smallest girth, thirty^-five feet in circumference. It is a 
mere rind, and is as striking within as on the outside, and 
appears as if it would contain forty persons. One arm is 
liYing, and the bark covers about an eighth part of the body : 
the rest of the body is bare of baric, and appears a comjilete 
ruin, and most likely, will not long hold together. 

06*. The next article with which we wilj close this chap- 
ter shews, how long wood a vegetaMe product may in cer- 
tain circumstances be preserved. 

147. In the paper called the General Evening 
Post, for March the 17th, 1818, there is an account 
which has been lately received at the Admiralty, of 
an interesting discovery made in the south of Amca, 
about twenty miles north of Cape Town. S(»ne 
persons, in digging, happened to strike upon what 
appeared a beam of timber; but, tracing it, tbey 
found a ship deeply imbedded in the soil. 

A plank of it has accompanied the account of the discovery 
to the Admirality. Several other ships, at different times,, 
and in different parts of the world, have been discovered 
beneath the surface of the earth. 

It is recorded by Fulgosas, that in the year 1462^ 
as some men were working a mine near Beme^ in 
Switzerland, they found a ship 100 fathoms deep in 
the earth, with anchors of iron, and sails of linen, 
with the remains of forty men. 

Pairre Naxis relates a like history of another 
such ship having been found under a very high 
mountain. 

The Jesuit Eusebius Newcombergus, in his fifth 
book of Natural History, says, that hear the port 
^f Lima, in Peru, as the people were working a 
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gold mine, they found a ship on which were many 
characters, very different from ours. Strabo alsor 
relates, in his first book, that the wrecks of ships 
have been found 375 miles from the sea. 

148. Dr. Plott, in his Natural History of Stafford- 
shire, relates a story, that the mast of a ship, with a 
pulley hanging to it, was found in one of the Green- 
land mountains. Is it to be supposed that those 
ships, which have been fonnd^ beneath-the surface of 
the earth, were antediluvian ships ? If they were 
(and mankind knew the use of ships before the flood), 
it is not probable that all mankind, except Noah and 
his family, would have been drowned by a deluge of 
waters* 

Is it not more probable, that violent earthquakes since the 
deluge have been the means of swallowing up these ships? 
but the sea must, at that time, have covered that part of the 
land where they have been found. 

149. In the year 1746, Calloa, a sea-port town in 
Peru, w-as violently shaken by an earthquake, and 
of 5000 inhabitants only 200 were saved. The sea 
rolled in upon the town in mountainous waves ; 
ships of burden were conveyed over the garrison, 
walls ; and one ship, which arrived from Chili the 
preceding day, was conveyed to the foot of the 
mountains, and left on dry ground. 

On the 7th day of June, 1692, the town of Port 
Royal, in Jamaica,^ was in two minutes totally de- 
stroyed by an earthquake ; many ships were also ' 
swallowed up. 

150. The earthquake which visited Sicily in 16S@» 
shook the whole island, and extended to Naples and 
Malta; the city of Catania was destroy ed,with 18,000 
inhabitants : fifty-four cities and towj^s, besides 
many villages^ were either greatly injured or totally 
destroyed. The city of Catania was rebuilt, and is 
now again in ruins by the late earthquakes that 
shook all Sicily. And, on the first of November^ 
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1755, Lisbon in Portugal was also destroyed by an 
earthquake: many ships in the harbour were also 
swallowed up, only their masts appearing above 
water : the sea suddenly rolled in like a mountain, 
ships were driven from their moorings, and tossed 
about with great violence. The same day that Lis- 
bon was destroyed, Cadiz was violently shaken by 
an earthquake ; and the inhabitants were yet more 
alarmed at the appearance of a wave coming to- 
wards the town at least sixty feet higher than com- 
mon : It beat in the breast-work of the walls, and 
carried pieces of eight or ten tons weight forty or 
fifty yards from the wall, and passed over a parapet 
sixty feet above the ordinary level of the water. 

St. Ubes, a sea-port town twenty miles south of Lisbon^ 
was entirely swallowed up by the repeated* shocks of this 
earthquake : in Africa, nrar Morocco, the earth opened and 
swallowed up a village with 8 or 10,000 inhabitants; Sallee 
and Tangiers also suffered greatly by an inundation of wa- 
ters. The same earthquake was &lt all over Spain : at 
Ayoraionte, near where the Guadiana falls into the bay of 
Cadiz, the water came on in vast mountains, and laid under 
water all the coasts of the islands adjacent. The waters in 
many parts of Britain were greatly agitated at the same 
time. At three quarters after six in the evening, on the 
same day that Lisbon was sunk, and about the time of two 
honrs^ ebb of the tide, a great body of water rushed up ia 
Glamorganshire in Wales, accompanied with great noise, 
and in such a quantity that it floated two vessels of 200 tons 
burden each. 

At Kinsale, in Ireland, a great body of water rushed with 
such violence into the harbour, that it drove two vessels from 
their moorings. 

In Holland, the agitations were more remarkable : at AI- 
phen, on the Rhine, the waters were agitated to such a violent 
degree, that buoys were broken from their chains, large ves* 
sels snapped their cables, smaller ones were thrown out of 
the water, upon the land, and others lying on land were set 
afloat. This destructive earthquake extended over a tract 
of land of four millions of square miles. 

151. History records a number of instances of great 
inundations of the sea on the land by earthquakes : 
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the bottom of the sea is first elevated by means of 
subterraneous fires before the elastic vapours can 
fia4 a vent ; and the sea, of consequence, must flow 
over the land, the depth in proportion to the eleva- 
tion of the bottom of the sea. 

The mastw of an American vessel in north latitude 25^, at 
the time of the great earthquake, saw, from his cabin window, 
land about a mUe from bis ship ; but, coming upon deck, the 
land was no more to be seen ; and he perceived a violent 
current cross the ship's lay to tbe leeward. In about a mi- 
nate this current returned with great impetuosity ; and, at a 
league distance, he saw three craggy rocks throwing up wa* 
ter of various colours resembling fire ; the phenomenon in 
about two minutes ended in a black cloud, which ascended 
very heavily : after it had risen above the horizon no rocks 
were to be seen. No doubt, but many ships have been dri- 
ven far inland, and swallowed up by the earthquakes 
that followed the inundations of the sea, some of which, ia 
course of time, may be accidentally discovered. 



CHAPTER VIL 

OUTLIT^ES OF ANIMATED NATURE, 
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SECTION I- 

INTRODUCTION. 

152. Several scientific and ingenious arrange- 
ments of the animal kingdom into classes, orders, 
genera, and species, have been successively adopted; 
that of Monsieur Cuvier, the French anatomist, 
possesses a high degree of merit. But though his ar- 
rangement evinces great anatomical precision, and 
the highest philosophical knovrledge of animals, yet» 
to a general reader, it has a complicated and for- 
bidding appearance, and is less attractive than the 
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more simple arrangement of LdnnsBas, which divides 
the animal kingdom into six classes; mammalia, 
(xves, amphibia, pisces, insecta, vermes, or such as 
SQckle their young ; birds ; creatures living equally 
OQ land, or in the water ; fishes ; insects ; and worms. 
Each of these classes is subdivided into orders, ge- 
nera, species, and rarieties of those species. 

See thro' this air, this oeean, and this earth. 
All matter quick, and bursting into birth. 
Above, how high progressive life may go I 
Around bow wide ! how deep extend below ! 
Vast chain of being ! whidi from God began, 
Natures ethereal, human, angel, man. 
Beast, bird, fish, insect, what no eye can see, 
No glass can reach ; from Infinite to thee, 
From thee to nothing* 

Pope. 

These classes are thus arranged for conciseness, 

CLASSES. .Het Wood {XlTiPVrr n SSS™***' 

r With vortohrw 2 <oviparou8 ...... II. Birds. 



SECTION II. 

THE CLASS MAMMALIA. 

153. The class mammalia, consists of such ani- 
mals as produce living offspring, and nourish their 
young with milk supplied from their own bodies; it 
comprises both the quadrupeds and whales. 

Their head is the seat of the principal organs of 
sense, the mouth, the nose, the eyes, and ears. 

154. Touching or feeling* The outside of the skin is covered 
with a thin peUicle, called the epidermis, cuticle, or scar^ 
skin. Under the caticle, is the rete mucosjam. In negroes, 
this substance is black, in Earopeans, white, brown, or yel« 
law. The cutis vera, or the skin, is a substance ^tnade up of 
iBbres closely connected with each other, and running in 
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various directions, being composed of the extremities of nu'' 
merous vessels and nerves. The papilla of the fingers or in- 
side of the hand, may become erect or elevated', and being 
gently pressed against a tangible body, receive an impres* 
sion whiah is conveyed to the brain, and is called touch* 
Spiders, flies, and ants, have thin sense in the greatest per- 
fection. 

165. Tasting, The tongue is covered with two membranes ; 
the external is thick and rugged, especially in quadrupeds ; 
the internal membrane is thin and soft, and upon it appear 
pajyillcB, or small elevations, like the tops of the small horns of 
snails. These papillae are composed of the extremities of the 
nerves of the tongue, and piercing the external membrane, 
arc constantly afl'ected by those qualities in bodies, which 
have their tastes excited in the mind by means of these ner- 
vous papillae, which are the immediate organ of tasting. 
This organ bears a strong analogy to the sense of touch. 

156. Hearing, The undulations of the atmosphere, excited 
l>y the vibrations of sonorous bodies, are collected in the ex- 
ternal ear and auditory passage, as in the hearing trumpet, and 
are conveyed to the membrana tympanic or drdm, which they 
cause to vibrate. The effect is transmitted through the smaU 
bones, to. the watery fluid that fills the internal ear, in which 
the delicate filaments of the auditory nerve float, and by this 
nerve the sensation is conveyed to the brain. But it is re- 
markable how nicely is the ear constructed in various ani- 
mals ; in man its position and form are admirably contrived 
for his erect posture ; in quadrupeds we see it large, sus-t 
ceptible of easy motion, as when the horse lays his ears back 
or points them forward ; in the mole it is lodged deep in the 
head. 

The structure of the ear is also remarkable, for it is so 
contrived and tunnelled that it may not only catch sounds 
but prevent the more furious undulations of the air from in- 
juring the interior membrane. And to prevent insects from 
lodging within its cavity, as well as to keep it moist and in 
tune^ it is supplied with a bitter nauseous wax. 

167. Smelling. The cavity of the nose is divided into two 
parts, called the nostriU, by a partition, of which the upper part 
IS bony, and the lower cartilaginous. The upper part of the 
cavity is covered with a thick glandulous membrane, above 
which the olfactory nerve is finely branched out and spread 
over the membrane of the spongy bones of the nose, and other 
sinuous cavities of the nostrils. The odorous efiluvia of 
bodies being disseminated in the atmosphere, the latter fluid 
passes through the nose in respiration^ and. the odorous par« 
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tides are thus brought into contact with the fibres of. the 
nerves, \«hich, by their communication with the brain, excite 
in the mind the sense of smell. 

158. Seeing, The eye is the organ of sight, and its sensa- 
tions are of the utmost importance to the well-being and safety 
of animals. The eye is composed of three coaf^, covering one 
anothei', and inclosing different substances called hiimours. 
The three coats are the sclerotica, the choroides, and the retina. 
The three bumours are the aqueous, the crystallinej and the 
vitreous. Objects are seen by means of their images being 
painted on the retina of the eye ; in an inverted position, 
though they appear erect. "When the crystalline humour 
loses its transparency the disorder is called a cataract, and 
the remedy applied is called couching; which is performed by 
thrusting a fine awl through the coats of the eye, and pushioj^ 
tbe crystalline to the bottom of the eye, where it will remain, 
and its deficiency may be supplied with a convex lens. When 
the defect of vision is in the optic nerve it is called a ^tta 
Serena, and the disorder is generally incurable. The ex- 
ternal parts of the eye, are the eye-brows, the eye-lids, and 
eye-lashes. The eye-broWs defend the eyes from too strong 
a light, and serve to turn, away substances which might 
otherwise fall into the eye. The eye-lids act as curtains, by 
covering and protecting the eyes during sleep : and in our 
waking hours they difiuse a fluid over the eye which renders 
it better adapted to transmit the rays of light. The eye- 
lashes guard the organ from danger, and protect it from dust 
and insects floating or flying in tbe atmosphere. 

159. The mouth contains the teeth, which are inserted into 
two moveable bones, the upper and under jaw. The front 
or cutting teeth are in general wedge-shaped, and so placed 
that in action their sharp edges are brought into contact. 
Next to these are situated the canine teeth or tusks, which 
are in general longer than the front teeth, conical, and 
pointed. The teeth in the back of tbe jaw, and between 
which the food is chewed or masticated, are called grinders. 
In such animals as subsist on vegetable food the latter are 
somewhat flattened at the top, but in the carnivorous tribes 
their upper surfaces are furnished with sharp and conically 
pointed protuberances. It is principally from the numbers, 
form and disposition of the teeth that Linnaeus has arranged 
the various genera or tribes of quadrupeds. 

160. The class mammalia has been distributed iato 
seven orders^ founded fot the most part on the, 
number and* ^urrangement of the teeth ; and on the 
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form and construction of the feet^ or of those parts 
in the seals (23X maniti (22), and whales, which 
i^upply the place of feet. 

Orders of Mammalia. 

I. Primates have the upper front teetli generally tour in 
Dumber, wedge-shaped, and parallel ; and two teats situated 
on the breast, as apes and monkeys. 

II. Brataliayeno front teeth in either jaw ; and the feet 
armed with strong hoof-like nails, as the elephant. 

III. Ferae have in general six front teeth in each jaw; a 
single canine tooth on each side in both jaws ; and the grin- 
ders with conic projections, as the dogs and cats. 

lY. Glires have two long projecting front teeth in each 
jaw, which stand close together; and no canine teeth in 
either jaw, as the rats and mice. 
^ V. Pecora have no front teeth in the upper jaw ; six or 
eight in the lower jaw, situated at a considerable distance 
tVom the grinders ; and the feet with hoofs, as the cattle and 
sheep. 

yi. Belluae have blunt wedge-shaped front teeth in both 
jaws ; and the feet with hoofs, as the horses. 

VII. Cetse have spiracles, or breathing holes on the head ; 
fins instead of fore feet; and a tail flattened horizontally, in* 
stead of hind feet. This order consists of the narwals, wales, 
cachalots, and dolphins. 

SECTION III. 

MAN. 

161. The varieties of the human species as ar- 
ranged by Blumenbach, are five in number* 

1. Caucasian YBiieiyf which includes the Europeans, (ex- 
cepting the Laplanders, and the rest of the Finnish race) the 
western Asiatics, as far as the river Ob, the Caspian sea, 
and the Ganges, and the northern Africans. 

2. M<ingoUan variety, which includes the rest of the Asia* 
tics, (excepting the Malays;) the Finnish races of the colder 
parts of Europe, as the Laplanders, &c. and the tribes of 
Esquimaux ; extending over the northuern parts of America 
from Bbering*s Strait to the extremity of Greenland. 
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3. Ethiopian variety, contains the remaning Africans, be- 
sides those classed in the first variety. 

4. i^aienVan variety. To this belong all the Americans, 
except the Esquimaux. 

5. i^a/ay variety, includes the inhabitants of Malacca, of 
the South Sea, Ladrone, Philippine, Molucca, and Sunda 
islands. 

Each variety is distinguished by the colour of the 
bair, and some striking peculiarities of feature* 
yi'e shall now briefly describe the external and in- 
ternal stractare of the haman body, and the fite 
senses. 

External Structure of the Human Body. 

162. Among all the visible parts of the body, the 

head holds the most distinguished place ; both because 

of its beauty, and because it contains the principles 

of sense and motion. 

All the sentiments and passions of. the soul are painted ou 
the face, which is the most beautiful part of man ; and where 
the principal organs of sense are found, through the medium 
of which we receive impressions from external objects. The 
different motions of the lips, and those of the tongue, whe- 
ther it touch the palate or the teeth, serve for the articulation 
of words, and the different inflexions of sound. By the 
teeth, we can cut, or grind our food ; and the saliva, so ne- 
cessary to digestion, is furnished by a great number of glands, 
which are contained in the mouth. The head is placed upon 
the neck, and turns as on a pivot, to any side we please. 

After the neck, comes the shoulders, so formed, that they 
are able to bear heavy loads. To the shoulders the arms 
are joined ; and to those, the hands, which are so constructed 
as to perform an infinity of motions: to touch, take, raise up, 
drawback, repel, &c. the joints and bones serving to sup- 
port and facilitate these motions. 

The breast includes and defends the heart and the lungs ; 
and for this purpose, it is composed of strong and hard riBs 
and bones. The diaphragm separates the breast and belly, 
which contains the stomach, liver, spleen, and intestines. 
All this mass rests upon the hips thighs, and legs, which 
like the arms, have different articulations, favourable to mo- 
tion and rest. The feet sustain the whole, and the toes also 
contribute to it, because they serve to fix the feet more firmly 
upon the ground. The skin and flesh cover the whole body. 
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The hair and the down, which are found in diiSerent paHs, 
protect them flrom the injurious effects oi^cold. 

The bmeSf the most compact and solid parts of the body» 
serve for the attachment and support of all other parts. Bones 
are firm, hard, »nd perfectly insensible, they are divided into 
tlie long, the cylindrical, and the flat. There are ^8 separate 
bones in the human body, these connected with wires, are 
sometimes made up into an artificial skeleton. There are 
eight separate bones in the skull that serve as a vault for the 
brain. 

The vertebrae of the neck, so called from the ease with 
which they move, are separated from one another by an 
elastic substance. They support the head, which by their 
means is readily moved up and down, and turned round on 
either side as far as is necessary, like a piece of mechanism in 
a ball and socket ; to the breasl bone, the seven true, and &vfi 
false ribs are fastened : the spine extends from the skull to 
the end of the loins and serves to lodge and defend the spinal 
marrow: the pelvis supports the abdomen, and the thorax 
reaches from Ine neck to the end of the breast bone, serving 
as a chest or place of safety for tbe heart, lungs, &c. 

The Muscles, Arteries, Veins, and Circulation of 

the Blood. 

163. The muscles constituting thefesh are suscep- 
tible of contraction and relaxation, and with the help 
of the tendons, are the instruments of animal motion. 

The muscles are eitlier vohmtaty or involuntary. The 
motions of the former are subject to the will, as in the case 
of the arras, legs, &c. 

The heart, which is a hollow muscle, and the stomach, 
intestines, &c. act upon their contents by means of muscular 
fibres, called involuntary muscles, because their motions 
depend not on the will. 

Each large muscle consists of two parts, viz. the bell}', 
which is the active part, and its cord-like extremities called 
tendons which fasten the muscle to the bones, and perform 
their action by contracting both ends towards the centre. 

The red colour which distinguishes the muscular parts of 
animals is owing to the number of blood-vessels dispersed 
through their substance. 

164. The nerves, long, white, medullary cords, 
originate in the brain and spinal marrow, and serve 
for sensation. Sensibility, therefore, depends on 
tbe nerves : motion on the muscles. 
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The nerves conduce 4o all the enjo3rmeDts and sufferings of 
life, and to the intellectual faculties of man: the muscles are 
the chief support of animal life, and the source of all the 
bodily powers. 

The heart is the principal organ of life ; it contains four 
cavities for receiving the blood, and giving it a fresh impulse 
through the arteries. 

165. The arteries originate in the heart, and 
through them the blood is carried from the heart 
to every part of the body, for the preservation of 
life, generation of heat, nutrition, and the secre- 
tion pf the different fluids. 

- Tlie pulse ; felt at the wrist, temples, and various parts of 
the body, is occasioned by the reciprocal action of the heart 
and arteries, when the blood is driven from the heart into the 
arteries to be distributed througli the whole body. The 
arteries terminate in small microscopic veins, which bring 
back the blood from the extremities to the heart. 

166. The veins originate at the extremities of the 
arteries : they continually increase in size as they 
approach the heart: they do not pulsate, bat the 
blood they receive from the arteries, they carry back 
with a slow motion, and it is prevented from return- 
ing by innumerable valves. 

The double circulation of the blood is this : one motion i^ 
from tlie heart to the lungs, for the purpose of receiving 
oxygen from the air: the other motion is over all the parts of 
the body, to give out its nutritive and vital properties to the 
whole machine. 

The Brain and Nerves. 

167. The brain, a small pulpy ma^s of a whitish 
colour, occupies all that cavity formed by the bones 
of the skull. 

The spinal marrow, a continuation of the brain, passes out 
of an opening in the skull, and runs down the canal of the 
back-bone, giving out nerves in its passage. The nerves run 
out in pairs, separate and spread over the whole body. The 
brain and nerves constitute entire the organs of feeling and 
sensation, the other parts of the body being incapable of 
feeling. 
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Excitemenl to action, produced by th« will, proceeds 
from the brain and spinal marrow, through the medium of 
the nerves. 

The nerves are therefore the organs; the brain, 
the receptacle of all our sensations and the source 
of all our ideas. 

The Stomach, Liver, Digestion, &;c. 

168. The stomach, shaped like a bag, is the grand 
receptacle for the food, where it is retained until it 
is changed by digestion. 

I'he stomach has two openings, one called the oesophagus, 
through which the food passes into it ; the other intended to 
carry away the digested substance is called the intestinal 
canal. 

The chief agent in digestion is the gastric juice ; by the 
muscular nature of the stomach, the food when property 
digested is propelled through the intestinal canal into the 
intestine, a membranous tube, about five times the length of 
the person in which it is contained. 

Food is called chyme, in which state it enters the intestitie, 
where it undergoes another cliange, and the chyle, a milk-like 
substance is separated from it. Chyle, is that substance from 
which the blood is formed, it is absorbed by the months of 
the lacteal vessels, every where distributed in intestines, 
while the feculent parts of the chyme and the bile are driven 
into the large intestine, by which it is expelled from the body. 

169. The liver is formed for the secretion or sepa- 
ration of the bile from the blood, which passes into 
the ductus hepaticus, and thence into the gall-blad- 
der, where it is kept till it is wanted to mix in the 
intestine. 

The chiefusesoftlie bile are, to extricate the chyle from 
the chyme ; and to excite the peristaltic motion of the bowels. 

The lacteals convey the chyle from the intestine into the 
jugular vein, that emptfes itself into the heart. 

The kidneys are two glandular substances which drain the 
system of its redundant water ; for this purpose a consider^ 
able portion of the blood is perpetually passing into each 
kidney, where it leaves its superfluous water, and then returns 
into the circulation by means of a particular vein. 

The water thus strained from the blood is carried by 
canals, into the bladder, into which it passes through its two 



coats, which answer the parpose ofavalve, to prevent re- 
gursfitatioo* 



SECTION IV, 

OF BIRDS 

170. Thb skeleton or bony frame of birds is lighter 
than that of quadrupeds, and is calculated for the 

f)ower of flight; the spine is immoveable, the neok 
engthened and flexible : the breast-bone very large, 
with a prominent keel down the middle, and formed 
for the attachment of strong muscles. 

The bones of the wings are analogous to those of the fore 
legs in qaadnipeds, but the termination is in 1,hree joints of 
which the exterior one is very short. The legs are analogous 
to the hind legs in quadrupeds^ and terminate in general, in 
four toes, three of which are commonly directed forwards, 
and .one backwards ; in some birds there are only two toes, 
in BomCj only three. AH the bones in birds are much 
lighter than in quadrupeds. 

But who the various nations can declare 

That plough with busy wing the peopled air? 

These, cleave the crumbling bark for insect-food ; 

Those, dip the crooked beak in kindred blood ; 

Some, haunt the rushy moor, the lonely woods ; 

Some, bathe their silver plumage in the floods ; 

Some, fly t« man, his household-gods implore, 

And gather round his hospitable door. 

Wait the4cnown call, and find protection there 

From all the lesser tyrants of the air. 

The tawny eagle seats his callow brood 

High on the cliff, and feasts his young with blood. 

Barbauld. 
The feathers with which birds are covered, resemble the 
hairofquadrupedSy being composed of a similar substance 
in a different form. Beneath the general plumage^ the skin 
in birds, is covered with a much finer feathery substance, 
called cfofon. The throat after passing down to a certain 
distance, dilates into a large bag, answering to the stomach 
in qaadrupeds: it is called the crop, and its great use is to 
soften and prepare the food taken into it, for passing into ano- 
ther receptacle, called the gizzard. This powerful stomach 
consists of two strong muscles, lined and covered with 
TOl/. 1. I 
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a strong coat furrowed on tfae inside. In ihe birds of prey 
or accipitreSf this is wanting, the stomach being allied to 
that of quadrupeds. In this receptacle, the food is ground 
and reduced to a pulp. The luyigs of birds differ from those 
of quadrupeds in not being loose in the breast, but fixed 
to the bones, they consist of a pair of large spongy bodies, 
covered with a membrane, which is pierced in several places, 
and communicates with large air-bags, dispersed about the 
cavities of the body. 

The «y6« of birds are more or less convex in the different 
tribes ; and in general their sight is more acute than that of 
most other animals. Their ear tiiough internal is constructed 
very nicely on tfae same general plan as in quadrnpeds. 

llieir organs of motion are two mngs and two hga; and 
they are destitute of external ears, lips, and many other parts 
which are important to quadrupeds. 

171. Birds are produced from eggs which vary in 
number, size, and colour, but are always covered with 
a hard shell, and for the most part deposited in an 
artificial nest, and hatched by the genial warmth of 
the parent sitting upon them. 

It wins my admiration 
To view the structure of that little work — 
A bird's nest. Mark it well within, without ; 
No tool had he that wrought; no knife to cut; 
No^nail to fix ; no bodkin to insert ; 
No glue to join: his little beak was all; — 
And yet how neatly finished ! What nice hand, 
With every implement and means of art. 
And twenty years* apprenticeship to boot, 
Could make me such another? Fondly, then, 
W€ boast of excellence, whose noblest skill 
Instinctive genius foils. 

HuRDIS. 

i 

Of Animated Nature. 

172. Linnseus has divided this class into six orders. 
!• Accipiti'es : 3. Picae : 3. Passeres : 4. GallinaB : 
5. GrallsB : 6. Anseres. 

The Orders of Birds are these: 

1 . Land Birds. 

I. Rapacious birds have the upper mandible hooked, tad 
an angular projection on each side near the pointy as the 
eagles^ hawks, and owls. 
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II. Pies hftve their bills i^harp ^t the edge, soMewhat com- 
pressed at the sides, and convex ^n the top, as the crows. 

III. Passerine birds have the \A\\ conical and pointed^ and 
the nostrils oval, open, and naked, as the sparrow and linnet. 

IV. Gallinaceous birds have the upper mandible arched, 
and covering the lower one at the edge, and the nostrils 
arched oyer With a cartiiaginous mendbrance, as the cominon 
poultry. 

iL Water Birds. 

y. Waders have a roundish bill, a fleshy tongue, and the 
legs naked above the knees, as the herons, ploveris, and 
snipes. 

V I. Swimmers have their bills broad at the top, and covered 
with a soft skin : and the feet webbed, as the ducks and 
geese. 



CHAPTER VIIL 

OUTLINES OF ANIMATED NATURE, CONTINUED. 

SECTION I. 

AMPHIBIOUS ANIMALS. 

173. This class includes all animcds that live witii 
equal facility on land or in water, and some others 
which do not exactly conform to this description. The 
amphibia from the structure of their wgans, and the 
power they possess of suspending respiration at 
pleasure, support uninjured, a change of element, 
and endure a very long abstinence. The lungs 
differ in appearance from those of other animals. 

1 74 Numbers of amphibia possess a high degree of prodactire 
power, and will be fornished with new feet, tails, &c. when 
by any accident, those parts have been destroyed. Their 
bodies are soinetimes defended by a hard, horny shield or 
oovelting : £ometitties by a coriaceous or leathery integu- 
ment : sometimes by scales, sometimes they haye no par* 
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ticular coating. The amphibia, in general, are tenacious of life^ 
and continue to move and exert many of the animal functions, 
when deprived of the head itself. By far the greater part 
are oviparous^ some excluding eggs, covered with a hard or 
calcareous shell, like those of birds; others, such as are 
covered only with a tough skin, resembling parchment: and 
in many, they are perfectly gelatinous, without any kind of 
external covering, as in the spawn of a frog. 

175. The amphibia are divided into Reptilia, contsdningthe 
amphibia pedata, or footed amphibia ; and the serpentes, or 
footless amphibia. 

In the Reptilia, there are four genera : 1. Testudo, tortoise, 
'*' turtle. 2. Rana, frog, toad. 3. Draca, dragon, or flying 
lizard. 4. Laperta^ lizards, crocodile, chamaelon, newt, sala- 
mander, iguana. 

Reptiles are characterized by breathing through their 
mouths; and by having feet, and flat naked ears ; of this or- 
der are frogs, lizards, and tortoises. 

Serpents are distinguished as being wiihout feet, but 
frequently armed with a deadly poison, contained in fangs 
resembling teeth. In cold and temperate climates they con- 
ceal jthemselves in winter in cavities beneath the surface of 
the ground where they become torpid. 

Some serpents are viviparous, as the rattlesnake, the vi- 
per, &c.; but those which are innoxious are oviparous, de'- 
positing their eggs in a kind of chain in a warm situation^ 
where they arc afterwards hatched. 

The broad laminae on the bellies of serpents are termed 
scuta, and the smaller, or divided ones beneath the tail are 
called scales, and from these the genera are characterized. 



SECTION II. 

OP FISHES. 

176. Like the amphibioas animals, the heart of fi6he$ 
is unilocular, or consist but of one cavity, and their 
blood is less warm than that of quadrupeds and 
birds. 

GiUs, the organs of breathing in fishes, consist of a vaat 
number of blood-vessels. The generality of fishes are coyer- 
ed with scales, analogous to the hair of quadrupeds^ and the 
feathers of birds« 
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' TheftnSf the chief instruments of motion, consist of a cer- 
tain namber of elastic rays of processes, either of one single 
piece, in the form of a spine, or of jointed pieces. 'Die 
strong or spiny rays are placed at the fore part of the fin, 
and the soft or jointed rays towards the back part. By the 
Tarious flexares of these organs, tlie tnovements of fishes ar« 
conducted ; the perpendicular fins, situated on the back or 
upper part of the animal, keeping the body in equilibrio^ 
while the tail operates as a nudder at the stern o^ a vessel, 
and the side or breast-fins as oars. The stoinach is large, 
the intestines far shorter than in quadrupeds and birds : and 
the liver is very large, usually placed on the left side. 

The air-bladder, or swimming bladder, is a very highly cu- 
rious and important organ, lying closely beneath the back- 
bone, and provided with a very strong muscular coat, which 
gives it the power of contracting at the pleasure of the fish, 
80 as to condense the air, with which it is filled, and thus en- 
able the animal to descend to any depth, and again to ascend 
by being restored to its largest size. Some fishes are desti- 
tute of the air-bladder, yet remain always at the bottom ; as. 
the . whole tribe of flat-fish. The teeth are^ in some tribes, 
large and strong, in others, very small, ; in some, sharp ; in 
others obtuse ; in some, numerous ; and in others, few. 
Sometimes they are placed in the jaws ; sometimes in the 
palate or tongue ; or, even at the entrance of the stomach. 
The eyes are, in general, large, flattened, or less convex than 
in. quadrupeds and birds. In return, the central part of the. 
eye, or what is called the crystalline humour, is of a globu- 
lar shape, to give the animal the necessary power of vision, 
and to compensate for the comparative flatnes of the cornea. 

The organ of smelling, in fishes, is large ; and they have 
the power of contracting or dilating it at pleasure. This 
sense is extremely acute. The organ of hearing differs, in 
some particulars, from that in other animals, and is modified 
according to the nature of the fish. They are entirely des- 
titute of voice. The particular kind of sound or chirp, which 
some tribes are observed to make, on being first taken out 
of the water, is entirely owing to the sudden expulsion of air 
from their internal cavities. The greater number of fishes 
are oviparous, producing soft eggs, usually known by the 
name of spawn. There have been 200,000 ova or eggs 
found in a carp ; in a perch, weighing one pound two ounces, ' 
69,216 ; in a carp-of eighteen inches, 342,144 ; in a sturgeon 
of one hundred and-sixty pounds, there was the enormous 
number of 1,467,500 ! ! ! The age of fish is determinable by 
the number of concentric circles of the vertebrae or joints of 
the back-bone. In the Linnsean arrangement of fishes, the 
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ituder or belly-fimi, ure tanned vmtndy and are considered 
analogoiis to the feet in qoadnipeds ; and it is from the pre* 
senee or absence of the fins, that the divisions are instituted. 
Far as creation's ample range extends. 
The scale of sensaai, mental powers, ascends : 
Mark, how it mounts to man's imperial race. 
From the green myriads in the peopled grass : 
liVhat modes of sight betwixt each wide extreme 
The mole's dim curtain, and the lynx's beam : 
Of smell, the headlong lioness between. 
And hound sagacious, on the tainted green : 
Of bearing, from the life that fills the flood, 
To that which warbles thro' the vernal wood 1 
The spider's touch, how exquisitively fine 1 
Feels at each thread, and lives along the line ; 
In the nice bee, what sense so subtly true ! 
From poisonous herbs extracts the healing dew : 
How instinct varies in the groveling swine, 
Compajr'd, half^reasoning elephant, with thine ! 
Twixt that, and Reason, what a nice barrier ! 
For ever separate, — ^yet for ever near ! 

177. The fishes are divided into six orders, namely; 
1* Apodes : 2. Jujulares : 3. Thoracici : 4. Abdo- 
minales: 5. Branchiostegi : 6. Chondropterygii. 

I. Apodal fish have bony gills ; and no ventral fins, as 
the eel, 

• II. Jugpilar fish have bony gills; and the ventral fins 
situated directl3[ under the pectoral fins, as the cod, hadHock, 
and whiting, 

' III. Thoracic fisl^have bony gills; and the ventral fins 
situated directly under the pectoral fins,- as the perch and 
mackerel. 

IV. Abdominal fish have bony gills ; and the ventral fins 
on the belly behind the pectoral fins, as the salmon,*Jierring$^ 
Und carp, 

Y, Branchiostegeous fish ha? e their gills destitute of bony 
rays, as the sucker. 

VI. Chrondropterygeous fish have cartilaginous fins as 
the sturgeons, sharks, and skate. 
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SECTION III. 

THE INSECT CLASS* 

178. Insects are distingaished from other animaU 
by their being furnished with never few^r than six 
feet ; and sometinies with niaoy more ; by their 
breathings by spiricles or breathing-holes, situated 
at certain distances along each side of the body ; and 
lastly, by the head being famished with a pair of a»« 
tBnn^e^ or jointed horns, which are extremely vari* 
ons in the different tribes. 

The first state in which the generality of insec1|i appear, is 
that ofan egg. From this is hatched the animal in its second 
state, when it is improperly called the ceUerpiUar, The insect, 
in this state, is the larva or larve, a mask or disguise of tho 
>fiimal in its future form. The larve differs in its appearance, 
according to the tribe to which it beljongs. When the time 
arrives for the larve to change into its next state of ch-ysalisy 
ox pupa, it ceases to feed, and having placed itself in some 
quiet situation, for the purpose, lies still for several hours ; and 
then by a laborious effort, frequently repeated, divests itself 
of its external skin, or larve-coat, and immediately appears in 
the very different form of a pupa. The Linnaekn term;7uiia was 
given, from the indistinct resemblance which many insects 
bear in this state to a doll, or a child when swathed up, ac- 
cording to the old fashion. The pupa emerges at length 
the complete insect, in its perfect or ultimate form, from 
which it never can after change, nor can it receive any fur-^ 
ther increase of growth. This last or perfect state is termed 
the imago, ^ 

Thick, in yon stream of light, a thousand ways, 
Upward, and downward, thwarting, and convolved. 
The quivering nations sport ; till, tempest-wing*d. 
Fierce Winter sweeps them from the face of day ; 
£*en so, luxurious man, unheeding pass 
An idle summer-life in fortune's shines y 
A season's glitter ! Thus they flutter on 
From toy to toy, from vanity to vice : — 
Till blown away by death, oblivion comes 
Behind, and strikes them from the Book of Life. 

THOMSON. 

179. Some insects undergo a change of shape, but are hatch- 
ed complete, in all their parts from the e%%y and only cast 
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their skin from time to time, during their growth, fill they 
acquire the full size of their species. The nunUh in some 
tribes is formed for gnawing the food, and operates by a pair 
of strong horny jaws, moving latetally as in the beetle tribe ; 
while in others, it is formed for suction, and consists of a sort 
of tube. In the butterfly, and moth tribe, it consists of a 
double tube, which, when at rest, is roUed into a spiral form, 
and when in use, extended at fuU length. The eyes differ in 
the different tribes, the greater number of insects are fur- 
nished with eyes apparency two in number, and situated on 
each side the head. The outward surface of the coats of 
these eyes may be compared to so many convex lenses or 
glasses. The head of the common dragon-fly, is furnished 
with 25,000 of these lenses ! In spiders, the eyes are from 
six to eight in number ; of a simple structure, and placed at 
a considerable distance from each other. 

Observe the insect-race— ordain'd to keep 
The lazy sabbath of a half-year's sleep ! 
Entombed beneath the flimy web they lie. 
And wait the influence of a kinder sky ; 
When vernal sun-beams pierce their dark retreat^ 
The heaving tomb distends with vital heat — 
The fuU-form'd brood impatient of their cell, 
Start from their trance, and burst their sUken shell ! 
Trembling awhile they stand, and scarcely dare 
To launch at once upon the untry^d air — 
At length assured they catch the fav'rin^ gale. 
And leave their sordid spoils, and high m ether sail I 
Ijo t the bright train, their radiant wings unfold 
With silver fring'd, and freckled o'er with gold ; 
On the gay bosom of some fragrant flow'r 
They idly fluttering live their little hour. 
Their life all pleasure, and their task allplay^ 
All spring their age, and sunshine all their day f 
Not so the Child of Sorrow— Wretched Maii— 
His course with toils concludes — ^with pain began 
That high his destiny he might discern 
And in Misfortutie*s school this lesson learn — 
Pleasure's the portion of the inferior kind, 
But Glory — ^Virtue — Heaven for Man design'd ! 

BARBAULD. 

180. The mu#c/^«, or organs constituting the several portions 
of the flesh in insects, are more numerous than in the larger 
animals, and extremely irritable. In the human body, the 
muscles scarcely exceed 500, in a large caterpillar more than 
4000 have been discovered! The power of the muscles is 
also much greater than in animals,. A fl^a is capable of 
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springing at least 20O times its own length; whereas the 
jei1>o and kangaroo in their most powerful springs^ &U T«ry 
short of the same proportional distance. 

Wak'd by his warmer ray, the reptile yonng 
Come wing'd abroad ; by the light air npborne, 
Lighter, and fall of souL From every chink, 
And secret corner, where they slept away 
The wintry storms; or rising from their tombs, 
To higher life ; by myriads, forth at once, 
Swarming,^ they pour; of all the Yaried hues, 
, Their beauty-beaming parent can disclose. 
Ten thousand forms, ten thousand different tribes 
People the blase I To sunny waters some, 
By fatal instinct fly ; where on the pool. 
They, sportive, wheel ; or sailing down the stream^ 
Are snatch'd immediate by the quick-ey'd trout 
Or darting salmon. Through the green-wood glad* 
Some love to str&y ; there lodged, amus'd, and fed. 
In the fresh leaf. Luxurious, others make 
The meads their choice, and visit every flower, 
And every latent herb ; for the sweet task. 
To propagate their kinds, and where to wrap. 
In what soft beds, their young, yet undisclosed, 
Employs their tender care. Some, to the house. 
The fold, and dairy, hungry, bend their flight ; 
Sip round the pail, or taste the curdling cheese. 
Oft, inadvertent, from the milky stream 
They meet their fate ; or, weltering in the bowl, 
With powerless wings, around them wrapt, expire. 

THOllaOK. 

181, The orders of insects are, 1. Coleoptera r 2. 
Hemiptera: 3. Lepidoptera: 4. Neuroptera : _ 5* 
Hymenoptera : 6. Diptera : 7. Aptera. 

I. Coleopterous insects have elytra or crn&taceous cases 
<;overing the wings ; and which, whQn closed form a longitu<» 
dinal division along the middle of the back, as in the chaffer^ 

II. Hemipterous insects have four wings, the upper ones 
paiily crust aceous, and partly membranaceous ; not divided 
straight down the middle of the back, but crossed, or incum- 
bent on each other, as in the cock-roach, 

III. Lepidopterous insects have four wings covered witli 
iSne scales almost like powder, as in the buiterflies and mothf, 

IV. Neuropterous insects have four membranous and se- 
mi-transparent wings veined like net-work; and the tail 
without a stingy as in the dragon-fly and ephemera, 
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V. Hjnttenopteroos insects haye fbar membraiiaceocHi and 
semi-transparent wings, veined like netrwoik ; and the tail 
armed with a sting, as in tiie wasn and hee. 

VI. Dipterous insects have only two wings, as the tammm 
house-flies, 

Vil. Apterous insects have no wings, as the spidnrs. 

Full natore swarms with life : one wondrous mass 

Of animals, or atoms organized. 

Waiting the vital breath, when Parent-Heaven 

Shall bid his Spirit blow. The hoary fen, 

In putrid streams emits the living shoals 

Of pestilence/ Thro' subterraneous cells. 

Where scorching sunbeams scarce can find a way,. 

Earth, animated, heaves. The flowery leaf 

Wants not its soft inhabitants* Secure, 

Within its winding citadel, the stone 

Holds multitudes. But chief, the forest boughs^ 

That dance unnumber'd to the playful breeze, 

The downy orchard, and the melting pulp 

Of mellow fruit, the nameless nations feed 

Of evanescent insects. Where the pool 

Stands, mantled o'er with green, invisible. 

Amid the floating verdure, millions stray. 

THOMSON. 
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SECTION IV. 

THE CLASS VEaMES, INCLUDING CONCHOLOGY.. 

182. THB^ia'fA class in the Linnean system, denomi- 
nated *' vermes" includes not only worms, but those 
animals which have the general character of being 
slow in motion, of a soft substance, extremely te- 
nacious of life, capable of re-producing such pArta^ 
of their bodies as may have been taken away or 
destroyed, and inhabiting moist places. 

This class is divided into five orders, and they are princi- 
pally distinguished by their tentacula or feelers. They are 
generally considered a^ the lowest scale of animated nature. 

Most of the animals in this class are imperfect v^hen com- 
pared to quadrupeds, possessing neither eyes, ears, head, nor 
feet. Many of them, as the corals and corallines, approach to 
the vegetable tribe, and some of them resemble, at least m 
their coverings, productions in the mineral kingdom. 



188. Tlie first order of the class vermes is denomi- 
nated ** intestina/' of which some of the individaak 
live within other animals ; Stome in the waters, and a 
few in the earth. The " ascarides'' inhabit the int^- 
tines of the human body; the " gordius" perforates 
clay to give a passage to springs, and the " lumbri- 
cus" or earth-worm, perforates the common soil, which 
it renders fit to receive rain. It is the food of moles, 
hedgehogs, and various birds. 

184. And nothing can bemore instructive than the 
study of this part of natural history, as may be shewn 
by a scientific description of the medicinal leach 
(hirudo medicinalis) a worm-shaped animal of olive 
black colour, with six yellowish lines on the* upper 
part of the body>^ and spotted with yellow beneath. 
When fully extended the leech is generally two or 
three inches in length. It is found in stagnant and 
muddy waters. Bingley observes that. 

The use of the leeoh is in medicine, to diminish the accu- 
muiation of blood in any particular part of the body. This they 
do by fixing themselves to the spot, forming a hole with three 
sharp teeth which are situated triangularly in their mouth, 
and sucking the blood through the^ound. When they have 
drawn sufficient, they are easily loosened by putting upon 
them a small quantity of salt, pepper, or vinegar. 

Leeches are caught in various ways, but one of the best is 
to throw bundles of weeds into the water which they inhabit. 
These if taken out a few hours afterwards will generally be 
found to contain a considerable number. They are collected 
from several of the rivers in the south of England, and are kept 
for sale, sometimes many thousands together, in casks or tups 
of spring water. This is frequently changed, and all the slime 
and filth which exude from their bodies is carefully washed 
away. 

It is said that if leeches be kept in a glass vessel, Ihey will 
indicate a change of weather, by becoming at such times pe- 
culiarly restless and active. 

185. The second order is denominated "mplusca:'' 
the aninsals of this order are naked, furnished with 
tentacula, or arms, ef which the Umax or slug is a. 
good illustration, 
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The animals of the molusca order are exceedingly niimeroas r 
many of them are inhabitants of the sea, and serve as food to- 
thousands of the more nsefiil and important species of fish. 
Some of tliem emit a phosphorescent light, like the glow 
worm, and with other living insects, give a beautifal bril- 
liancy to the sea. The star-fish are of this order. 

The cuttle-fish, also of this order, possess the power of ex- 
pelling a black fluid in considerable quantities, so as to dis- 
colour the water, to favour their escape when pressed hard by 
an enemy. This liquor was used as ink by the ancients ; and 
is said to be the basis of modem Indian or Chinese ink. The^ 
bone in the back is converted into powder, and is used att- 
pounce for paper, and as an excellent cleanser and preserva* 
tive for the teeth. 

f 186. The third order, called molusca testacea, or 
soft- bodied animals furnished with shells^ is divided 
into three assortments, called univalves, bivalves^ 
and multivalves ; signifying that the shelly cover con- 
sists either of one, two, or several psa*tsor valves^ 

A univalve shell may be exemplified by that of the common 
snail; the shell of which is simple or undivided. The sub- 
stance of the shells of this order of animals, when chemi- 
cally examined, is found to be a mild calcareous earth, de- 
posited in a mass of net-work composed of animal matter* 
Every part is secreted by the animal itself; the whole surface 
of the animal being concerned in the formation of the shell. 
The shining matter left in the tracks of snails is that very 
substance, which when deposited in strata one above ano- 
ther, hardens by exposure to the air, and forms a shell, 
A bivalve shell may be exemplified by a museU, in which the 
shell is composed of two pieces or valves; and lastly, » 
muliivatve sheW may be exemplified by any species of lepas or 
homacle, in which the shelly covering of the animal is formed 
of several divisions. The shell animals are produced from 
eggs, in some species gelatinous or gluey ; in others, covered 
with a hard or calcareous shell: and the young animal 
emerges trom the e^% with its shell on its back. The most 
familiar and convincing proof of this may be obtained by 
obsening the evolution or hatching of the eggs of the com- 
mon garden-snail, as well as of several water-snails, which 
deposit eggs so transparent, that the motions of the young, 
with the shell on its back, may be distinctly seen, some days 
before the period of hatching. 

187. The edible snail (helix povMitia) is a shell ani- 
mal distinguished by its large size, and nearly glo* 
hular shape ; being of brownish white colour, with 
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Qsually three reddish horizontal bands somewhat stri- 
ated longitadinally ; and having a large and rounded 
aperture with a thickened and reflected margin. 

188. It is sometimes more than two inches in dia- 
meter ; and is found in woods and hedges in several 
parts of Europe, and occurs in some of those in th« 
southern counties of England. 

By the Romans, says Bingley, towards the close of the 
repablic, when the luxury of the table was carried to t]ie 
greatest height of fibsurdity and extravagance, this species of 
snails were fattened as food in a kind of stews constructed 
for the purpose, and were sometimes purchased at enormous 
prices. The places for feeding them were usually formed 
under rocks or eminences ; and if these were not otherwise 
sufficiently moist, water was conveyed to them through pipes 
bored full of holes like those of a watering pot. They were 
fattened with bran and the sodden l^s of wine. 

In France, Germany, and other countries of the continent, 
these snails are at this day in great request for the table-; 
and are chiefly in season during winter and the early months 
of the year. They are boiled in their shells, and then taken 
out, washed, seasoned, and otherwise cooked according to 
particular palates. Sometimes they are fried in butter, and 
sometimes stuffed with force-meat; but in what manner 
soever they are dressed, their sliminess always in a great 
measure remains. They are generally kept in holes dug in 
the ground, and are fed on reftise vegetables from the 
gardens. 

189. The fourth order named zoophyta, exhibits 
animals holding a place between animals and ve- 
getables. Most of them take root and grow up inta 
stems, multiplying life in their branches, and decidu- 
ous buds, and in the transformation of their animated 
blossoms or polypes, which are endowed with spon- 
taneous motion. 

Sponge is an animal production and of this order : every 
ininute pore on the surface of a perfect piece of sponge was 
the orifice through which a polypus kind of animal extendeil 
his feelers in search of food. Sponge* when first fished up 
from the sea is gelatinous, or a glue-like substance, and re- 
quires repeated washing in fresh water before it is fit for thi 
several purposes to which it is applied. 

190. Plants resemble zoophytes, but are destitute 
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of animation and locomotion : zoophiles are pJmil^ 
famished with sensation^ and the organs of spontane- 
oas motion. 

Of the order zoophyia, some are soft and naked , and are 
called *' zoophytes f others are covered with a hard shell, and 
are denominated " lythophytes." 

Large beds or rocks composed of the animal prodnctioos of 
this division are formed at the bottom of the sea. They 
derive their nutriment from insects, and from the saline and 
other matters in the sea. These, in their turn, are the origin 
of many of the chalk-beds, calcareous rocks, lime-stones, apd 
other mineral articles. 

191. The genus hydra or polype first deserves our 
notice. These carious animals are found adhering 
to the stems of aquatic plants, or to the under sur-r 
faces of the leaves. 

The species are multiplied by vegetation, one, two,* or 
more young ones emerging gradually from the sides of the 
parent animal : and these young again prolific, so that it is 
not uncommon to see two or three generations at once in the 
same polype. But the most curious particular respecting this 
animal is, its multiplicationhy dissection. It may be cut in every 
direction into minute divisions, and not only the parent 
stock will remain uninjured, but every section will become a 
ferfect animal, £Ven when turned inside out, it suffers no 
material injury : for in this state it soon begins to take food, 
and perform all its other animal functions. And when one 
polype is introduced by the tail into another's body, the two 
heads unite and form one individual. 

192. The hard or homy zoophytes, known by the 
name of corals, are eqaaliy of an animal nature with 
the polype. The whole coral continuing to grow as 
an animal, and form by secretion, the strong or stony 
part 'of the coral, which at oncfe may be considered 
as its bone and its habitation, and which it has no 
power of leaving. Our hills are in many places fuU 
oif them, and some rocks are entirely of their for- 
mation. -M!any seas are becoming every year more 
diflSouit to navigate, being nearly choaked up by the 
habitations of animals almost too small for human 
perception. 

Some of the coral tribe have their animal part approaching 



more to that of a nieclusa, than of a polype. Of this kiocl 
are those namerous oorals known by the name ofi madreporeg. 
The smaller corals lure termed eoraUines, or sea-mosses ; and 
are actually so many ramified sea polypes, covered with a 
horsy case, to defend them from the injaries which they 
tironld otherwise he liable to, in the boisterous elements in 
which they are destined to reside. The principal genera of 
the cortMiuM i^e, 1. Sirtvlaria^ %Tubidaria, 3, Flnstra, 
Those of the corals are, 1. CrorgoniM, Yenus's fan. 2. Isk. 
3. Madrepora. 4. MiUeporu, 5. Tubipora, 

Coral IS bought by weight ; and its value increases in a 
certain ratio according to its size. Beads of large size are 
worth about 40s. an ounce, while small ones do not seli 
for more than 4s. Large pieces of coral are sometimes cut 
into halls, and exported to China, to be worn in the caps of 
certain orders, as an insignia of office. These, if perfectly 
sound and of-good colour, and upwards of an inch in diameter, 
have been known to produce in that market as much as £300, 
or £400 sterling each. There are extant many beautiful pieces 
of sculpture in coral ; since this substance has in all ages been 
considered an admirable material for exhibiting the artist's 
taste and skill. Probably the finest specimen of sculptured 
coral that are known are a chess-board and men, in theTuil- 
leries, which were the property of the late queen of Naples* 

The Chinese have, within the last three or four years sue* 
ceeded in cutting coral beads of much smaller dimensions 
than has been effected by any European artist. These which 
are notlargcr than pins' heads, are ceMedseedcoralfUnd arenow 
imported from China into this country in very considerable 
quantities for necklaces. Nearly the whole of the coral that 
is used is of red colour ; icliite coral being considered of little 
yalue either as an article of commerce or decoration. There are 
modes of imitating coral so exactly that without a close in- 
spection it is frequently impossible to discover the diiference 
betwixt the real and the counterfeit article. 

193. The fifth order of the class vermes is called 
'* infusoria," which are extremely minute animal- 
icola, destitute of feelers, and generally invisible i<f 
the naked eye. They are chiefly found in infusions 
of various vegetable substances. 

The vorticella is found in most stagnant and impure water^ 
and is known by its constant rotary motion. Rain water 
collected in cisterns of almost any kind, and kept for some 
time, contains myriads of tliem. 

Animalcules are shaped like fish, reptiles, eels, stars, hexa- 
gons, triangles, ovals, and chcles; they have horns, pro- 
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bosces, &c; and although the eyes of many species are not 
discernible, yet they move about withvinconcciyable relatiye 
velocity in the fluids' they inhabit, ivitboat interfering with 
each otiier. 

194. Having thus given a popular view of the fifth 
order, we will exhibit it in epitome : we may carr j 
miniatures about with us ; fall length figures we hang 
up in our apartments. 

The orders of Vermes or Worms, are 1. Intesiina : 
2. Mollusca : 3. Testacea : 4. Zoophyta : and 5v 
Infusoria, 

I. Intestinal worms are simple and naked, without limbs r 
some of them live within other animals, as the ascarides and 
tape-worms : others in water, as the leeches ; and a few in 
the earth, as the earth-worm. 

II. Molnscous worms are simple animals without shell, and 
furnislp&d with limbs, as the cuitle-fishf medusa, star-fish, and 
sea-urchins, 

III. Testaceous worms are animals simitar to the last, but 
covered with sheila, as oysters, cockles, snails, and limpets. 

lY. Zoophytes are composite animals, and appear to hold 
a rank between animals and vegetables : though they are in 
JJiicttrue animals, and possess sensation and voluntary mo- 
tion. In many instances a great number of them inhabit 
the same stone, but some are soft, naked, and separate. The 
foral, sponge^ and polypes, are instances of this order. 

y. Animalcules are destitute of tentacula or feelers, and 
are generally so minute as to be invisible to the naked eye : 
they are chiefly found in difierent infusions of animal and 
vegetable substances. 

Myriads of creatures (each too nicely small 

Bare sense to reach) for thy inspection call. 

In animalcules, germs, seeds, and flowers. 

Live, in their perfect shapes, the little powers. 

Vast trees lie pictured in their slenderest grains r 

Armies one wat'ry globule contains. 

Some, so minute, that, to their line extreme^ 

The mite a vast leviathan wiilseem-^ 

That yet, of organs, functions, sense partake,. 

Equal with animals of largest make ; 

In curious limbs and clothing they surpass, 

By far the comeliest of the bulky mass. 

TBOMtON. 
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THE PHENOMENA OF ANIMATED NATURE. 

19&. There are numerous facts both instructive 
and amusing, which, though possibly belonging to 
distinct branches of science, yet possessing sufficient 
analogy to the phenomena of animated nature, to 
recommend themselves without the more formidable 
appearance of classification: we might arrange them 
under the respective heads of artificial, sentient, and 
insentient phenomena ; bat such a nicety is unneces^ 
sary in a mere selection of the wonders of Nature. 

Centre of Gravity in Animals. 

196. In man, the centre of gravity is such that the 
line of direction falls between bis feet ; the same is 
the case in quadrupeds* Rope dancers preserve 
their equilibrium by balancing long poles tipped 
with lead at each end. 

Dogs and other four-footed animals find it difficult to stand 
upon their hind legs, as the centre of gravity lies too far for^- 
ward, the beads of all animals being heavy in proportion to 
ether parts of the body. 

In the duck, the gbose, and the swan, wlio are adapted 
for swimmiug, the centre of gravity lies pretty far forward ; 
hence they walk awkwardly, and do not seem at ease font 
when in the water. Hawks have the centre of gravity so f^ 
forward, that when they light on the rocks they are obliged 
to stand with their heads up, somewhat in the manner of 
dogs. If they were to put themselves in any other position 
they would fall forward. Penguins are similarly formed, 
and their weight sink« them so deep in the water, that a 
jitream passes between the neck and the body. In cats and 
animals that spring upon their prey, the c^nlre of gravity 
is so situated that they uniformly fall upon their feet. When 
dropping from an height they hang down the fore and hind 
feet and tail, so as to bring the centre of gravity to a point 
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below their breast, wbicb, desccndiDg first, makes them 
fall as tliey do. Fasten a piece of lead or stone to the stringy 
of a bent bow, and toss the whole in tlie air, that part will 
come down first, and the back of the bow will never do so. 
The same cause acts in the case of cats and other animals of 

W« are told, by voyagers and writers on Natural History, 
that tortoises are taken in warm climates whilst floating in a 
drowsy state on the surface of the waves. A man throws 
himself out of the boat and lays hold of the tortoise by the 
tail, and by his weight keeps it from diving, which gives his 
companions time to lay hold and^ drag it into the boat. 

Experiments and Observations on the Formation of 
Bone, hy T. Bowship, Esq. 

197. The foUoij^ing inquiry was principally sug- 
gested by the very beautiful results of the elaborate 
series of experiments on the composition of bone and 
cartilage, by Mr. Charles Hatchett ; and the interest- 
ing nature of the subject engaged me to pursue it 
to the extent I have done. 

An embryo, eight weeks old, was prepared by spreading 
out the limbs upon slips of glass, and allowing them to dry. 

Upon examining these by the compound microscope, the 
following appearances presented themselves. Rings of bones 
had been formed in the situation of the metacarpal boucs^ 
and of the first and third phalanges. The diameters of these 
pieces of bone were much larger, in proportion to the length 
of those parts of the limbs within which they were forming, 
than at the future stages of their growth. 

This was most evidently the case in the bones of the hand 
and foot : it appeared to be a provision for admitting of a 
considerable increase to the length of the cylinder, before it 
became necessary to enlarge its diameter. 

In the embryo ten weeks old, the extremities of the bones 
were found connected together by a cartilaginous substance. 
The rings originally formed having, in the mean time, gra- 
dually increased in length, had now reached the cartila^noaa 
portions at the extremities. The cartilage connected to tho 
upper end of the bone of the arm was divided into thin sec- 
tions, for examination under the microscope. Several irre» 
gular cavities were discovered in the substance of the cartilage, 
'SUed with a mucilaginous fluid« In one of these sections a 
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smooth cavity was detected, wliich extended into an ercn 
9«iml or tube, passing down to the surface of union between 
^^ cartilage and the bone. 

In CMT^r to ascertain more clearly the primary arrangement 
of the oa^fic matter, the lower extremity of the thigh-bone 
of a child, tiure«t weeks old, was macerated and cleaned. A 
longitudinal sectioii of the bone was then made, and the sur* 
face t>f the section, including the margin of ossification, 
pared very smooth with a knife. The piece was afterwards 
calcined, with a view to remove the remaining animal 
matter. 

In the examination of this, and many successive sections 
of a similar description, it was observed that, in proceeding 
from the middle of the cylindrical bones^ where the medul- 
lary spaces are larger, and the cancellated structure stronger, 
towards the more recently formed extremities of the bone, 
the ossific masses become more numerous, of a lighter sub- 
stance, and a thinner texture ; the same gradation being con- 
tinued up to the margin of the newly ossified surface, where 
the structure is most curiously wrought, and so exquisitely 
fine as scarcely to admit of description. 

From these examinations it was ascertained that 
the first and earliest state in which the particles of 
ossific matter become apparent, after they havo 
formed a mass by their cohesion, may be considered 
83 an assemblage of the finest and thinnest fibres, 
moulded into the form of short tubes, arranged 
nearly parallel to each other, and opening externally 
upon the surface connected with the cartilage. 

In ord«i to observe the changes that occur towards the 
latter periods of growth, sections were taken from the lower 
end of the thigh-bone ; these were selected from subjects of 
various ages, and the following were tho appearances und^r 
the microscope. 

In a child eleven months old, the canals within the carti- 
lage were very few in number. At the age of four years these 
canals were still more thinly scattered, and those that were 
observed were of comparatively small diameter. When the 
sections became partially dry, a line, one-sixteenth of an 
inch in breadth, was seen towards the margin of ossification, 
where the particles of the cartilage had apparently taken on 
a new arrangement, so as to resemble parallel lines or fibreSt 
> This curious circumstance has been noticed by Haller. 
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At the age of eleven years the cartilaginoas canalsT 
were found to be still diminishing both in point of 
size and number ; and in the examinations made at 
seventeen years, it was with great difficulty that a 
section could be found in which there was. any re- 
maining trace of them. 

Sections taken from the cartilages and ossifying extremis 
ties of the bones of the slink or foetal calf, were examined in 
the microscope. The cartilaginous canals were found to be 
very numerous. They were all filled with a clear mncilage, 
and the sides of the canals in many parts of the^ cartilage had 
the appearance of being stained with blood, although no 
distinction of blood-vessels could bo detected in any of 
them. 

By a series of these examinations it was ascer** 
taihed, that the cartilages upon which the flat bones^ 
of the scapula and ilium are produced, possess a 
similar organization to that which obtainsjn the cy* 
lindrical bones. 

The posterior extremities were injected with coloured siac^ 
and the cartilage tben' examined in sections, under the mi- 
croscope. The membranes covering the cartilages and bones 
externally were beautifully injected; the canals within tha 
cartilage also were equally well injected. WhercTer the 
canals appeared, they were observed to have received thtt 
Vermillion. 

Several oblique sections of canals fell under observatipit, 
and in those a membranous lining was very readily discerned, 
the injected state of the parts rendering the divided edge of 
the membranous tube very obvious. In some instances this 
membrane became still'more evident, by its having been par- 
• tially separated from the divided edge of the canal. 

Where the canals were found to be divided longitudinally, 
the membranous lining was, in general, still attached to the 
sides of the tube, and the beautiful appearance of the injected 
membrane, was rendered still more brilliant by the abun- 
dance and ci:ystalline transparency of its natural mucous se- 
cretion, 

In many parts of the cartilage where the lining of the ca- 
nals was finely injected, there was still no appearance of dis- 
tinct vessels, although in those canals that were opened at 
their origin upon the external surface of the cartilage, a dis^ 
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tinct artery, full of the injected matter, might generally be 
traced, passing inwards to some extent. 

In the more internal canals, the usual appearance of the 
membranous sheath, under the microscope, was such as it 
would have been if the injection had passed out from the 
vessels, and become dispersed in the cellalar texture of a fine 
naembraBe ; had so pecvliar an appearance arisen from the 
accidental rupture of the coats of the arteries, the injected 
matter must have been detected in masses, which was not in 
Any instance the case. 

In those canals that were divided oMquely, tiie finely and 
equally injected membrane had the appearance of an uni- 
formly scarlet tube ; and by increasing the magnifying power 
to a very high degree, the individual particles of the yermil- 
lion not only became visible, but were seen most distinctly ; 
they were every where found to be very thinly and evenly . 
scattered, indicating the jnost equal dispersion of the colour- 
ing matter throughout every part of the membrane. 

In prosecating this part of the inquiry, a consi- 
derable difficulty at first arose oat of the following 
circumstaDce. The heat of the water, in which the 
preparation was laid previous to its being injected, 
had so far loosened the membranes from the sides 
of the canals, that in the subsequent operation of 
dividing the cartilage into sections, they were torn 
from their natural situation, and were consequently 
foand in many parts more or less collapsed. These 
collapsed membranes had, under the microscope, 
very much the appearance of injected arteries, and 
were at first considered as such, but subsequent 
and more attentive observation soon enabled me to 
correct this mistake. 

From the foregoing 6bservations I think myself 
warranted in drawing the following conclusions. 

1. That, in the mammalia, the first rudiments of ossifiea- ~ 
iion in the long bones are the efiect of a secreting power in 
the arteries, upon the internal surface of the periosteum, 
which produce a portion of a hollow cylinder ; this form of 
bone having been found antecedent to the evolution of any 
<;artilaginous structure. 

2. That^ at a certain stage of the process, the mode of 
operating is changed, in order that it may proceed more ex- 
p«ditiou8]y. A cartilage is formed, which, by the nature of 
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it» oifftBizatioD, and by admitting^ of a spc(»fic protiftion of 
cavities and canals, lined with Tascular membtan^s, which 
secrete an abondant store of gelatinoas matter, is adapted to 
this particular purpose ; while, at the same time, it serves 
to determine the future figure of the extremity of tlie' bone, 
by establishing and conducting the ossificatkm within its own 
substance* 

3. That, from the appearance and texture of cartilage, 
when examined under the microscope, it may be defined-*^ 
an even and finely granulated albuminous matter, deposited 
in the interalitial spaces of an exceedingly elastiebed of a 
■emi-tran'sparent reticuhited structure, which is apparently a' 
modificatioii of gelatin. 

4* That from the period when the osdfication proceeds in 
the mode above described, by the medrifm of carriage, the 
process is continued in the same uniform manner till it has 
completed the^owth of the bone.* The growth of the epi- 
physes and their nation with the ends.of the bone, are also 
effected by the same means. 

6* That the ossifio matter in the cylindrical bones is depo- 
sited primarily in the form of fine thin tubular plates ; a mode 
of deposition of all others the most favourable for their beings 
subsequently remodelled, and for facilitating all the subset 
quent changes of structure they are destined to undergo. 

6. That, while the circulation in the capillary arteries, si- 
tuated between the cartilage and bone, must provide tiio 
phosphate of lime, the principal agent in extending the cy- 
linder, and in effecting the subsequent progressive changes 
of structure, which, in a growing bone, are continually tak- 
ing place, appears to be simply the mechanical pressure ex- 
erted by the fluid secretions within the medullary cavities of 
bone, tliis power operating successively in different direc-» 
tions, according to the particular determination given by the 
circulation. 

7. That tlie mode of circulation most favourable for ossifio 
action, is a very slow and uniform motion of the blood through 
the capillary system ; and that the numerous inflexions of Ibe 
minute arteries, in the pericranium, and the great weakness 
and rectangular mode of giving off the smaller arteries upon 
the dura matter, as well as the extremely curious appearance 
of the blood and injected matter, upon tlie fine membranous 
linings of the canals in cartilage, indicating, as I believe, 
something beyond a mere capillary circulation, are to be cott- 
sidered as so many evident provisions for seenring this con- 
dition. 

8. That in the formation of the cylindrical bones, the ossific 
surface is arranged into tubular pUites of two different sizes, 
constituting a larger and a smaller series; an arrangemetit 
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by no means essential to the increase of a bone, becanse in 
many of the early stages of ossification, and also where the 
growth is very slow, the larger series is found to be entirely 
wanting. 

9. That the only apparent use of the larger series of tubes, 
is that of augmenting the quantity of blood circulated through 
the ossifying structure, so as to increase the rapidity of 
growth, for they are abundant in animals of quick growth, 
less numerous in those that reach maturity slowly, and in the 
same animal I haye observed they are employed by nature, 
or laid aside in conformity wifli the qmck or slow develope- 
ment of structure, which we know actually takes plaee at 
the particular period when the examination is made. 

10. That in the growth of the cylindrical bones, and of 
those fat bones that are formed upon cartilage, the deposit 
of the ossific secretion is in the first instance made around the 
external openings of thcjimaller series of tubes, and upon 
these only. This opinion derives support from the recent ap< 
pearaAce of the bones of quadrupeds, but is most clearly esta- 
blished by the characters found upon the ossific surface in the 
bones of birds, where the gradations of progressive evolu- 
tion are more readily traced* 

11. That in the flat bones of the skull, the circumstances 
under which' ossification takes place, differ .materially from 
those above described. In these the phosphate of lime, in 
oombinatJon with the animal mucilage, is occasionally depo- 
sited in small detached unequal masses, without regularity, 
as if merely laid in the way preparatory to their subsequent 
application ; that these soon become connected with the more 
central parts of the bone, and are found to decrease in 
thickness as they increase in breadth, until they are finally 
consolidated ^lith the original plate of bone. 

12. That the particular simplicity observable in the mode 
of production of the bones of the skull, affords a strong argu- 
ment in favour of the opinion, that pressure, variously modi- 
fied, constitutes one of the most efficient instruments in the 
hand of nature ; for in this instance, the uniform, though 
gentle pressure from the impulse of the circulation, and the 
constantly increasing volume of contents in the. head, must 
be admitted to be the sole agents in completing that process, 
which, in its commencement, had the appearance of being 
conducted in a comparatively imperfect manner. 

13. That the ultimate texture of bone is not laminated, but 
reticulated, the phosphate of lime being deposited as an in- 
testinal substance ; for, although, from the greater compact^ 
ness necessary to the bones of quadrupeds, the ultimate 
structure is not in them so readily traced, yet in the mord' 
delicately constructed bones of birds, this mode of arrange* 
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ment is sufficiently obidous, and Inay at any time be readily 
ascertained. 

Like leaves on trees, the race of man is found ; 

Now green in youth, now withering on the ground. 

Another race the following spring supplies, 

They fall successiye, and successive rise ; 

So generations in their course decay, 

So flourish these, when those arepast away. 

POPE. 

Efficacy of Water in the Growth of Vegetables. 

198» That vegetables will grow in woollen cloth, 

«ioss, and in other insoluble media, besides soils, 

provided they be supplied with water, has been 

repeatedly shown since the days of Van Helmont 

and Boyle : but the experiments of a modem anthor, 

from their apparent correctness, seem more highly 

interesting and conclusive. 

Seeds of various plants were sown in pure river-sand, in 
litharge, in flowers of sulphur, and even among metal, or 
common leaden shot ; and in every instance nothing em- 
ployed for their nourishment but disttUed water. The plants 
throve^ and passed through all the usual gradations of growth 
to perfect maturity. I'he author then proceeded to gather 
the entire produce, the roots, stems, leaves, pods, seeds. 
Ice. These were accurately weighed, dried, and again 
weighed, then submitted to distillation, incineration, lixivia- 
tioui and the other ordinary means used in a careful analysis. 
Thus be obtained from these vegetables all the materials 
peculiar to each individual species, precisely as if it had 
been cultivated in a natural soil, — viz. the various earths, the 
alkalies, acids, metals, carbon, sulphur, phosphorus, nitro- 
gen, &c. He concludes this very important paper nearly in 
these extraordinary words ; ** Oxygen and hydrogen, with . 
tlie assistance of solar light, appear. to be the only elemen- 
taiy substances employed in the constitution of the whole 
wniverse; and Nature, in her simple progress, works the 
most infinitely diversified eflects by the slighest modifications 
in the means she employs.^' 

y 

IHfference in the Digestive Powers of Animals, 

199. Mr. Majendie fed a dog upon sngar and dis- 
tilled water. In about a fortnight it became lean. On 
the 21st day an ulcer appeared in the centre of the 
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foorfiea of each eye, which gradually increased, pene- 
trated the cornea, and the bnmours of the eye ran 
out : the leanness pontinnally encreased, the animal 
lost its strength, ieind died on the 32d day. 

A Second and a third dog fed likewise on sugar and water, 
- shared a similar fate. 

Two dogs fed on oliye oil and water died on the 36th day, 
with precisely the same phenomena, except the ulceration in 
the cornea. 

ScTcral dogs were fed with j^m and water ;< their fate was 
precisely thc^ same, as was also that of another which was fed 
tipon butter, and wMch died on the 36th day. 
i$i It is obvious that none of these articles (at least singly) are 

?D capable of nourishing dogs. But the inference that they 

qI cannot nourish man does not hold : for the Indian liyes upon 

rice, and the Africans who go to the har?est of gum, carry 
^' no provisions with them, but live chiefly upon that vegetable 

J production dissolved in water: audit is said that the negroes 

^Eitten upon sugar. 

As to the dog, that he should perish upon vegetable diet is 
not surprising, as he is a carnivorous animal; but that the 
same result should take place from a butter diet is rather 
singular, it being an animal production. With man it is 
very different. He can live on vegetables only, either from 
choice or necessity, without the least detriment to his health : 
iie also lives on vegetables with animal food; but he cannot 
live on animal food atone. What man can exist without 
bread ? that article which he himself calls the staff of life ! 
The fact is that the gastric juice in the two animals, the man 
and the dog, possesses different properties, consequently 
thoir powers of digestion are different^ Who could think of 
offering a beef-steak to a cow ? 

Singular Abstinence of a Pig. 

200. A pig was buried in its stye by a fall of part 
of the chalk cliff under Dover Castle, December 14, 
1810. On the 23d of May, or 160 days after the 
accident, the pig, still alive, was extricated from its 
confinement. 

Its figure was extremely emaciated, having scarcely any 
muscles discernible;' and its bristles were erect, though not 
stiff, but soft, clean, and white. The animal was lively, 
walked well, and took food eagerly. At the time of the acci- 
dent it was fat, and supposed to have weighed about 1601bs ; 
VOL. I. K 
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but it now weighed only 401bs. At the time of the fali there 
was neitiier food nor water in the stye, which is a caye about 
six feet sqaare, dag in the rock, and boarded in the front ; 
and the wnole was covered about 30 feet deep in the fallen 
chalk. The door and other wood in front of the stye had 
been mach nibbled, and the sides of the cave were very 
smooth, having apparently been constantly licked for ob- 
taining the moisture exuding through the rock. 

Anthropophagism. 

201. Anthropophagism (that horrible disposition 
of certain individuals, and even of whole nations to 
employ the flesh of their own species as food), has 
often excited the reflections of physicians and moral- 
istSj who have wished to discover the sources of so 
revolting an aberration from humanity. 

Famine has been, without doubt, one of the most frequent, 
and most excusable causes of anthropophagism. The Ara- 
bian Abdallatif has left us a frightful picture of the effects 
of a famine in Egypt: the putrified remains of animals, 
...•••.«•••., all the most disgusting of objects were de- 
voured with avidity. The want of food became so urgent, 
ihat flesh was torn from dead human bodies ; children were 
strangled by their parents, for the purpose of feasting on their 
flesh ; and bands of express anthropophagists traversed the 
whole country. It is only necessary to consult the histories 
of shipwrecks, in order to ascertain to what an extent ex- 
cessive want may change the character and moral dispo- 
sition of man; and, to remove all doubt of the existence of 
such horrors, civilized, and till then, sensible beings will be 
seen to have attended to nothing but the impetuous desire 
to calm the torments of famine, and have determined, by the 
indications of chance, which of their oompanions shall serve 
as food to the survivors. 

202, A love of revenge has sometimes rendered men anthro- 
pophagists ; and, although we may suppose that famine origi- 
nally led hordes of cannibals to devour their prisoners, it 
cannot be denied that the fury of vengeance has, at least, 
perpetuated this crime amongst them. 

Or. Robertson gives his decided opinion, that revenge wa9 
the first cause of anthropophagism. It was not scarcity of 
food, he i^ays, as some authors imagine, and the importu- 
nate cravings of hunger, which fiprced the Americans to those 
horrid repasts on their fellow-creatures. Human flesh was 
never used as common food in any country ; and the various 
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delations concerning people who reckoned it among the stated 
means of rabsi»tence, flow from the credalUj and mistidees 
of travellers. The rancour of revenge first prompted men to 
this barbarous action. The fiercest tribes devoured none but 
.prisoners taken in war, or such as they regarded as enemies. 
I go to fight to revenge the loss of our brave fellows that 
were slain ; I will be as merciless as the famished wolf: I 
will exterminate and devour our enemies ; the tanned skins 
of their battered skulls shall hang in my dwelling; I Will 
crush their wives and children, like the fearful storm of pour- 
ing hail ; like the mighty thunder will I consume their de- 
voted villages : — such is an ancient war-song of the savages 
of Louisiana, and such is generally the spirit of those of all na- 
"tions of cannibals : the battle-shout of the Iroquois is, — " We 
go to devour our enemies V 

203. Religious opinions have also had some influence iti pro- 
ducing the horrible custom of which we treat. Human sacri- 
fices were in use among several ancient nations ; and it was 
not strangers alone who were immolated, since parents de- 
livered up the dearest objects of their affection, their own 
children, to the knife of the sacrificer. There is but one step 
ffom such an atrocious practice to that of antbropophagism ; 
and the history of an almost eivilized people, the Mexicans^ 
who, wanting none of the necessaries of life, regaled them- 
selves with the flesh of the human victims that were offered 
to their idols, proves that in them, at least, it wsis not famine 
that gave rise to such odious banquets. 

!^4. A fourth and last cause of anthropophagism especially 
demands the attention of the physfcian and the legislator : it 
(Consists in a depravation of the will, which has become sub- 
jngated to a depraved appetite. Although examples of such 
a deplorable state are very rare, yet modern times have fur- 
nished us with several such instances ; amongst which, that . 
of an anthropophagist of the environs of Wilna, the history 
of which was published by Professor Gruner, of Jena, is one / 
of the most remarkable. 

John James Goldschmidt, a cow-herd, was married at the 
age of twenty-seven, and continued to follow the above- 
mentioned occupation fOr twenty-eight years, without any 
other moral vices being remarked in him than a certain rude- 
ness and grossness of manners, and a great inclination to 
violent anger. He was fifty five years of age in the year 
1771, when a great part of Germany was oppressed with 
famine ; this circumstance, however, cannot be considered to 
have influenced the crime of Goldschmidt, which was cotai- 
mitted in a fit of passion, since he had obtained provisions 
the day previously to it ; he was not involved in debt, and his 
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yard was stocked with poultry. This unfortunate man met 
with a young traveller at the entry of a forest, whom he re- 
proached with having worried his cattle ; tiie stranger asserted 
that he had not done this: a dispute and contest followed , and 
Goldschmidt killed the traveller by a blow with his stick. 
In order to conceal this circumstance from the public, he 
dragged the body of his victim into a thick part of the wood, 
cut it into small pieces, and carried one of them with hiifi in 
his bag every time he returned to his dwelling. It was in one 
of those journeys that the desire to taste human flesh first de- 
veloped itself in him : he boiled and roasted some part, and 
ate of it, with his wife, to whom he described it as mutton. 
A year afterwards he enticed a child into his house, killed, 
and ate part of it. The crime was discovered, and it was 
from the confession of the culprit that the details we have 
given were obtained, besides many others still more revolting, 
which we have thought proper to pass over in silence. 

205. A Milanese woman, named Elizabeth, from this cause, 
is said to have had an inconceivable desire for human flesh ; 
and, in order to satisfy it, enticed children into her house, 
where shekilled and salted them ; but a discovery having t^een 
made, she was broken on the wheel and burnt in 1519^ 

206. JMr. Percy, a surgeon-in-chief to the French army, has 
also reported to the National Institute a case of voracious 
appetite, which extended to the desire for hunian flesh. The * 
subject of it was a young man from the neighbourhood of 
Lyons, named Tarare, and who, in early life, belonged to a 
troop of strolling jugglers. In the exercise of his calling he 
accustomed himself to swallow stones, great quantities of 
broken meta1s> baskets full of fruit, and even living animalji« 
In consequence of these dangerous practices, alarming symp- 
toms supervened; notwithstanding which, he was unable to 
abandon them. At the commencement of the late war, he 
was enrolled in the army of the Rhine, and, not satisfied with 
the allowance of food which he received, was in the habit of 
seeking for the necessary supply around the moveable hos- 
pital. The refuse of the kitchens, rejected matters, corrupted 
meats, &c. did not suffice him; he frequently disputed with 
the lowest animals for their disgusting food, and w»as con- 
stantly in search of dogs, cats, and even serpents, which he 
devoured alive : he was obliged to be driven, by force and 
threats of punishment, from the places where the dead were 
lying, or where blood drawn from the sick was deposited. 
Endeavours were made to cure his ravenous appetite by 
giving him fat, opium, acids, and powdered shells, but 
in vain. In consequence of the disappearance of a child 
of sixteen months old, horrible suspicions were entertained 
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of Tarare, and he fled. Five or six years afterwards he was 
received into the hospital at Versailles, labouring under a 
consumption of which he soon afterwards died. 

207, These facts led Hermann Gruner to form some very 
judicious reflections on this subject, with an abstract of which 
we shall terminate this article. 

However criminal murder may be, particularly when it is 
followed by anthropophagism, the reality of a state cannot be 
contested where, this has been induced by a depraved appe-- 
tite independent of the will. Nothing is more astonishing 
than the caprices of pregnant women, whom an insatiable 
inclination leads to enjov with delight the most disgusting 
objects. Here, a fault ox education, or the empire of a per- 
verse habit, cannot be accused as the cause of such an aber- 
ration. The mostserious remonstrances have no e£fect when 
advanced in opposition to an inexplicable desire, the satis- 
faction of which is demanded by nature In the most urgent 
and irresistible manner. May not this be equally applicable 
to the appetite of some individuals for human flesh? What- 
ever may have been the original cause of it, it depends prin« 
cipally on a disordered imagination : the appetite once in* 
dulged, it becomes increased, and at lengtli habitual. 

208. Many other criminals besides Goldschmidt, have con- 
ceived this ardent inclination for feeding on human flesh only 
after having committed homicide. This disposition has also 
several times appeared in women in a state of pregnancy ; an 
horrible proof of which is related by Abdallatif. At other 
times, anthropophagism has been observed as a family-evil : 
Hector Boethius relates an instance of this in his History of 
Scotland. A Scotch free-booter, his wife, and children, were 
condemned to be burned for having drawn several persons to 
their dwelling, murdered, and devoured them. The young- 
est daughter was, however, exempted from this sentence, in 
consetj^uence of her tender age ; but she had hardly attained 
her twelfth year, when from having perpetrated the crime of 
her parents, she was submitted to the same punishment. — 
*• "Why do you express disgust at my conduct?" said this j'oung 
monster to the spectators, who were testifying their horror 
and detestation ; ** if you knew how delicious human flesh was 
you would all eat your own children !'* 

Let us conclude with Dr. Gruner, that such desires, the idea 
alone of which should make the most insensible of men trem- 
ble with horror, ought really to be considered as a state of 
disease ; and that physicians should thus interpret them to 
the expounders of criminal law. 
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. Instances of suspended Animation* 

209. The following was related by the celebrated 
Dr. Moyes. 

A short time before the French revolution, an 
American gentleman resident in France, after a 
sadden attack, apparently died. At that time it 
was not easy to obtoin barial for Protestants in con- 
secrated ground; the difficulty, however, was at 
length got over, by a secret agreement with the 
monks of a neighbouring convent, who had pro- 
mised to come at dead of night to take away the 
body, and inter it in their own chapiel. The corpse 
was accordingly laid out and prepared for sepulture ; 
and a friend of the deceased attended, to deliver it 
into the hands of the monks. This was thirty* six 
hours after the gentleman had appeared to expire* 

Midnight was now arrived, bat no monks appeared ; the 
friend waited in expectation of them for a considerable time ; 
but finding that he waited in vain, he at leng^ determined 
to retire to bis own home.' Before, however, be qnitted the 
remains, he wished to take a parting look at bis old and va- 
lued friend. He approached the coflSn, and gently took hold 
of one of his lifeless bands. To bis utter astonishment, he 
perceived a slight degree of warmth in the limb, he then 
applied bis bands to the other parts, and clearly felt the same 
effect. Overjoyed at the circnmstance he immediately called 
in some attendants; ordered the body to be p«t into bed, 
and kept warm ; and every method to be used for the resto- 
ration of life. The endeavour was crowned with success ; 
and in a short time his friend was restored to life and sense, 
and lived for many years to relate the story of his own resus- 
citation, and providential escape from premature inhumation. 

210. The following singular event occurred in 
1767 to a Mr. Stone« who lodged at Hie house 
of a Mr. Seaman, in Charles-Town, South-Carolina. 
He- had been waiting the issue of a law-suit of 
great importance, and was in a state of much 
anxiety. One night, having at supper ate heartily 
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of toasted cheese, and being much fatigued, he re- 
tired early to bed. 

The next morning his servant went, as usual, into liis 
chamber to call him ; and found his master apparently a Kfe- 
less corpse. Mr. Seaman, on being apprised of the drcum- 
stance, instantly dispatched a messenger for the doctor, who 
soon arrived ; but finding the body cold and stiff he conceived 
it useless to attempt any means of restoring animation. He 
gave it as his opinion, that Mr. Stone had expired shortly 
after he had gone to bed, and that no hopes of resuscitation 
remained. 

In consequence, Mr. Seaman secured his friend's papers, 
money, &c. sent for a person to make his coffin ; and gave 
directions for his funeral on the ensuing day: — dispatch 
being absolutely necessary in so hot a climate. The car* 
penter having measured Mr. Stone, in the presence of Mr. 
Seaman, they retired together ; the latter locking the apart- 
ment, and putting the key in his pocket. Early in the 
evening the coffin was brought home, and Mr. Seaman ac- 
companied the man to the chamber, to bid his friend a last 
adieu. 

On approaching the corpse he was astonished to perceive 
the left band and arm of Mr Stone removed from the side 
where he had placed them, and stretched out in an horison- 
tal position. He took hold of the extended hand; and 
though it was still cold, he determined that his friend should 
not be removed from the bed till he had been again seen by 
tiie medical gentleman, who had attended in the morning^. 

The doctor came accordingly a second time; and soon 
discovered symptons that manifest the presence of the vital 
principle. Proper means for restoring animation were in- 
stantly adopted, and soon crowned with success. ' Mr. Stone 
was brought back to life, sense, and health ; and after con- 
tinuing abroad another year to finish his business,, he re* 
turned to his wife and family in England. 

To them he related circumstantially the account of his 
providential escape; and declared that he was stngible at the 
time the man was measuring hiro, of the purpose for which 
he was doing it, and that he suffered extreme agitation and 
distress at the idea of being interred alive, though he had no 
power to indicia bis consciousness. 

He said that kB reUdned, and ever should retain^ a perfect re* 
eollecUon of what hU feelings were upon thai occasion ; but as 
they were rather such as are excited by an impertect dream, 
or an attack of the night-mare» than those vivid ones^ wbioh< 
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the mind experiences when its faculties are alert and unim^ 
paired, he conceived they were not sufficiently strong to pro- 
duce any great effect upon the mdscular system. He be- 
lieved, however, the removal of liis arm was the conseqnenca 
of an imperfect struggle; though he certainly could not have 
made the efforts which he inrngirted himself to have done ; 
such as speaking to his friend, assuring him that he was 
alive, and entreating his protection. 
Mr. Stone survived the event ten years» 

Account of a White Femtde, part of whose Skin 
resembles that of a Negro. 

211. Hannah West was born of English parents, 
in a village in Sussex^ in 1791, about three miles 
distant from the sea« Her parents had nothing pe- 
culiar. 

Her mother, who is alive now,. (1820X has black hair, 
hazel eyes, and a fair skin, without any mark. Hannah was 
her only child by her first husband ; but her mother has had 
eleven children by a second marriage, all without any black- 
ness of the skin; The young woman is rather above the 
middle size, of full habit, and has always enjoyed good 
health. Her hair is light brown, and very soft; her eyes 
faint blue ; her nose prominent, and a little aqualine ; her lips 
thin ; the skin of her face, neck and right han^ very fair, in every 
respect, indeed, she is very unlike a negro ; it is, conse- 
quently, very singular, that the whole of her left shoulder, 
arm, fore-arm, and hand, should be of the genuine negro co- 
lour, except a small stripe of white skin, about two inches 
broad, which commences a little below the elbow, and runs 
up to the arm-pit, joining the white skin of the trunk of the 
body. 

Women with Beards. 

212. Of women remarkably bearded we have seve- 
ral instances. In the cabinet of curiosities of Stut- 
gard, in Germany, there is the portrait of a wo- 
man called Bartel Oraetje, whose chin is covered 
with a very large beard. She was drawn in 1587, 
at which time she was but twenty-five years of age. 
There is likewise in the same cabinet another- per- 
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trait of her when she was more advanced in life^ 
bnt likewise with a beard. 

It is said that the duke of Saxony had the portrait of a 
poor Swiss woman taken remarkable for her long bashy 
beard ; and those who were at the Carnival at Venice, in 
1726, saw a female dancer astonish the spectators not more 
by her talents, than by her chin covered with a black bushy 
beard. Charles XII. jiad in his army a female grenadier: 
it was neither courage nor a beard that she wanted to be a 
man. She was taken at tlie battle of Pultowa, and carried to 
Petersburg, where she was presented to the czar in 1724; her 
beard measured a yard and a half. We read in the Tre^oux 
Pictionary, that there was a woman seen at Paris, who had not 
only a busby b^rd on her face, but her body likewise was 
covered all ever with hair. Among a number of other ex- 
amples of this nature, that of Margaret, governess of the Ne- 
therlands, is very remarkable^ She had a very long stiff 
beard, which she prided herself on ; and being persuaded 
that i1 gave her an air of majesty and consequence she took 
care not to lose a hair of it. Easebius Mierembergius men^ ' 
tions a woman who. had a beard reaching to her navel.. 

Change of Colour from Brown to White in a 

Native of Bengal, 

213. J. W. aged. fifty-six, a native of Bengal, (his 
parents Mahometans, and both dark,) left India 
abont'the age of ten or eleven, and has since resided 
in Edinburgh, chiefly performing the office of a 
servant ; bnt for the last nine or ten years he ha& 
worked as a m^Bson's labourer (1818.) 

During this period he has gradaally lost his native dark 
colour, and become white, which he attributes partly to the 
climate, and partly to the action of lime and mortar in his 
occupation as a mason, which occasioned much itching of 
the skin. The change commenced in the hands and head ; 
the hair from being black and lank, has become light grey, and 
somewhat curled. The parts which last retained their colour 
were the breast and the back of the neck. The only re- 
mains of his original complexion at present are some irregu- 
lar patches of a dull purplish colour, covering the upper 
parts of the cheeks and prominences of the ears, and. a^ 
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lighter patch mt the tip of the nose. During the change ef 
doleur, no sensible alteration was observed in his health. 

Cetse of a Child aged Six Months, who sweJlowed a 
douhMdoiied Knife withoui Injury. By If, 
Banks, Esq. Surgeon. 

2U. On Mareh 16th, 1802, a child of Jonathan 
White's, Sonthgate, Chichester, about six months 
old, had a small double-bladed knife, about two 
inches and a half in length, given it to play with. 
On the return of its mother to the room, she 
sought in vain for the knife, in all parts of the cra-^ 
die in which the infant was lying : the child ex- 
pressed some uneasiness at the stomach, from which 
the mother concluded it had swallowed the knife ; 
the bowels were kept lax by the use of castor oil ; 
and the fseces soon began to grow black. The 
child took no food, but milk; seemed often very 
uneasy in its stomach, and had slight febrile indis- 
position; yet it continued to look well, and was 
sufficiently fat. 

May 24th. The shortest blade was discharged by the 
bowels ; the back of it very much corroded, its edges being 
ragged, uneven, and s£^-like : the rivet was entirely dissolv- 
ed. The general state of the child's health as stated above. 

June ie//i. The child after being for a day or two more 
than usually uneasy, and rejecting every thing offered as 
food, hroQght from its stomach in vomiting, one side of the 
horn handle about two inches in length, .very much softened 
and bent double : a small bit of iron was passed a few days 
afterwards by stool. He frequently expresses great pain in 
his stomach and bowels, and starts much when asleep ; has 
retained no nourishment for three days, and now looks much 
emaciated. 

July ^th. The child more emaciated, takes little food, and 
unless when quieted by a decoction of poppies expresses 
more pain, continually writhing. Its bowels are lax, and the 
stools have a black appearanpe, and the abdomen exhibits 
externally a degree of inflammation. His pulse is soft and 
moderate while asleep ; the skin feels rough; has voided no- 
thing since the horn handle. 



Jnb^ 5MI& To day be passed a bit of iron, wbieh was aboat 
balf an inch in length, of a wedge-like shape, anach eonroded» 
and full of boles, and appearing to have been tbe large 
blade. 

Atigust Wih. The child bas been in a eonvaleacent state 
ibr the last fbrtiught, grows fatter, and looks much better ; 
bas been more quiet, althongb he has not slept much ; the 
decoction of poppies has been omitted for some time past; 
the pulse full and strong ; sucks more heartily, and now eata 
sopped bread three or four times a day, Vesterday and to^ 
day It has been more uneasy : about fiye o'clock in the 
evening ^vomited up its miik, together with the back of the 
knife, two inches and a half in length, pointed, and corroded at 
one end ; the vtliei* nearly perfect, and first presented itself at 
the month ; soon after, it vomited the other side of the horn 
handle, softened, the edges uneven, and dissolved. The- 
child was much exhausted by its efforts, and soon fell 
asleep. Tbe stools are some days of their natural colour,, 
and sometimes black. 

Dec 9XHh. The child is now in perfect health, rmnarkabiy 
robust, and has not experienced a day's illness since August. 

Whether we look on this case, as proving the possibility 
of so large a substance as a knife remaming so many months, 
without material injury, in the stomach of so young an in« 
fant, or whether we consider tbe state in which the separated: 
parts of the knife, at distant intervals, came away, it affords 
equally curious and useful matter for contemplation. It. 
shews the remarkable power possessed by the gastric juice, 
eyen in so young an infant, of acting upon the metal, by 
which the rivets of the knife and the sharp edges of it were 
dissolved, and the life of tbe individual saved. 

Remarkable Memory.. 

215. William Lyon, a strolling player, who used 
some years ago, to perform at Edinburgh, and who 
was excellent in the part of Gibby the Highlander, 
gave the following surprizing instance of memory. 

0ne evening, over tbe bottle, he wagered a crown bowl of 
punch, (a liquor of which he was very fond) that he, next 
morning at tiie rehearsal, would repeat a Daily Advertiser, 
from beginning to end. Next morning he was put in mind 
of his promise and rallied for making so foolish a virager when 
drunk. To tbe surprise of all however he pulled out the 
newspaper, and gave it to one of them to witness that he 
aould repeat every word verbatim. This he accomplishedi 

& 6. 
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without making the slightest error, in a jamble of advertise- 
ments, price of stocks, home and foreign news, accidents, 
offences, and law intelligence ; — this exertion of memory was 
certainly surprising ; smd is a lasting monument of great 
abilities abnsed by drunkenness. 

The Rev, Dr. Macklin relates that a man waited 
OIL the Greffier Fagel, tQ display the wonderful 
memory which he possessed ; bfieriug to give any 
proof of it that might be required. A liewspaper 
was lying on the table, and he was requested to read 
it through, and then repeat it verbatim. He accor- 
dingly did so, not omitting a single syllable, running 
through the title, paragraphs, advertisements, and 
colophon, in regular succession. 

The Greffier Fagel expressed unbounded astonishment at 
such a wonderful instance of recollection. " Oh," replied the 
man, *' this is nothing ! shall I now repeat the same back- 
wards?" " it is impossible" returned the Greffier. ** By no 
means," said the other, " if you have patience to hear it;" 
and without the least hesitation, he repeated every separate 
article, beginning at the colophon, and ending at the title. 

Female Courage. 

216. In the year 1756, an half-ideot who was em- 
ployed by a grocer residing in a town in Oxford- 
shire, was told, on the morning of the 5th Novem- 
ber, to go to a coffer where fiie gun-powder was 
kept, and bring some down, and put it into the 
drawer, to supply the consumption df the evening ; 

The man forgot the order till it grew dusk, when he took a 
lighted candle in his hand,^ which he inserted in the loose 
powder ; and, filling the measure, walked away. 

He could not speak intelligibly, although he understood 
<what was said to him ; he made his meaning known by signs. 

Scarcely had he emptied the powder into the drawer, when, 
suddenly recollecting what he had done, the terrified crea- 
ture made the most terrible noise, displa>'ing every mark of 
horror and dismay ; and soon made his master and the family 
clearly understand, that he had left a burning candle fixed in 
the gun-powder 1 ... 

The danger was so appalling, that most of the inmates 
fled ; but a servant girl entreated her master not to alarm his 
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;ick wife : ftAd, going direct to the chamber as gently as 

ossible, approached the baming candle. Closing the fingers 

f her hands, she formed a kind of candlestick; and, lifting 

^e candle safely out of the powder, returned with it to her 

aster, fainting away the moment she reached the shop ! 

Wonderful Musical TalenL 

\ There lived a man in Tottenham- Coart-road> 

lossessed a very extraordinary musical and imi- 

genius. He was a man of fortune and under 

,et high. He played upon two violins at one 

nd imitated the organ, French horn» clarionet, 

f^mpi^ and kettle drums in so surprising a manuer> 

m: to \ %\e them appear as a whole band^ with 

!|l!fereDi^ l^ople singing at the same time. 

;He prit ;>;ully played pieces of masic ont of Handel's 

u.^Btorios. ul\ could also imitate a carpenter sawing and 

I suing, the nk ' cbach horn ; a clap of thunder, a fly bazzing 

i|ip)ut a wind<^ a flock of sheep with hogs after them, a 

? ^-rocket goiii^ >ff ; tearing a piece of cloth, the bagpipes, 

-m* hnrdygurdy, \ ^ccato, and generally finished his perform* 
>v^#3e with beating iog out of the room ; this last is generally 

J#30unted the mo& 'nimitable imitation of all. 

A Nest . a Singular Construction, 

S 218. In Jam 1819 a laundry-maid at Darley 

..bbey, near J3r.oy, spread out in an open drying- 

^roQiid* *»**^ xjgst other things^ five yards of narrow 

ic' .-^oim, in two pieces; in a short time she 

missed them, and sought for them in vain. 

Two days after, with many other articles, she laid out &re 
yards of lace, in five separate pieces, which also soon dis- 
appeared ; and every possible enquiry was made about them, 
but they could not be found. Within a week, a labourer 
f^w something white hanging out of a tricecock's nest, at 
the distance of eighty yards from the drying-ground, and 
having heard of the loss of the lace, &c. he took down the 
nest, and the leno and lace were found within it, beautifully 
interwoven and twisted amongst the twigs so as to form a 
complete lining Unfortunately, the nest, which was a real 
curiosity, was polled to pieces, and the whole ten yards were 
taken out uninjured and unsoiled. What a lesson this little 
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eireumstanee teacbesui, not to suspect too ligbtly those around 
9s ; and how forcibly it reminds us of the interesting drama 
of the ''Maid and the Magpie." 

Natural History of the Insects and CaierpUUtrs^ 

which ravage Fruit-trees. 

219. It is certain^ insects of every description 
abound more some years than others^ and their 
coming is sometimes supposed to be so sadden, as to 
give rise to the belief that they are brought by the 
winds. When the nature and mode of propagation of 
the different insects whixjh exist on vegetables are 
duly considered, there will appear no necessity for 
such a mysterious conveyance. The greatest injuries 
to vegetables are occasioned by the caterpillar tribe, 
at a time when in the caterpillar state, and by the 
aphis and coccus. 

As each of the caterpillar tribe is alike in its natare> 
It will be perfectly useless in a work like this to 
attempt enumerating or describing the different 
varieties : all exist in four different states during 
the year, and undergo as many changes ; and from 
the smallest maggot to the largest caterpillar, each 
passes from an egg to a larva, maggot, grub, or 
caterpillar, from this to a chrysalis, and from that 
to a fly, beetle, chaffer, moth, or butterfly. 

We first discover a maggot or caterpillar of a peculiar 
kind, devouring particular vegetables, the fargcst of those 
being produced from an e^% smaller than the smallest pio^^ 
head, is at its birth very diminutive, and consequently seldom 
noticed, till it has made very considerable progress towards 
maturity ; and as during their growth they are constantly 
made the prey of birds and other insects, these little creatures 
are endowed with a wonderful instinct for self-preservation ; 
most possess the means of quickly secluding themselves on the 
approach of danger^ or of letting themselves down gently to the 
eartli, or other support, by a web ; and such as do not, are of 
such plain or variegated colours as assimilate with the sub- 
stance they feed on, and which thus deceive the eye. 

It is in the caterpillar state that tliey are most easily dis- 
covered, and most, in our power, and indeed «hen tbe]^ 
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are most mischievous, by devouring' the leaves and buds : a 
gardener, should then seize every opportunity to destroy 
them. 

There is no species peculiar to the plum, peach, nectarine, 
&c. but there is to the cherry ; tliese, in the winged state, 
are a small dark brown moth, about half an inch in length, 
and are in activity when the fruit are about half grown ; they 
then deposit their eggs on the new-forming buds, and as the 
coverings of those are enlarged, they enclose the eggs, and 
completely shield them from injury until the following spring, 
when^ as the buds open, the eggs are exposed to the sun, and 
burstmg into life, the caterpillars immediately commence 
their depredations on the young leaves and fruit. 

These caterpillars have the power of bringing two or more 
leaves in close contact, and of fixing them together by a web, 
and thus forming a home, from whence they emerge in the night, 
and to which they retreat again before day ; whenever, there* 
fore,, two leaves are seen sticking together, they should be 
examined, and the caterpillar or maggot destroyed ; in doin^ 
this, some care is necessary, for, as if aware of meditated 
destruction, on the least disturbance it slips from its cell, 
and drops to the earth, where it quickly hides itself until 
night, when it again ascends. 

The apple tree is infested with an insect of a very similar 
description, and requires the same attention to protect it. 

There is also another maggot, which preys on the young 
branehcs of the apple tree in a peculiar manner; it penetrates 
near tlie point of the young growing shoots, and eats its way 
down the centre or pith ; the young shoot of course then 
withers and dies, and to a superficial^ observer, without any 
perceptible injury; whenever, therefore, this is seen, the top 
should be cut off, the whole of the maggot will then be dis- 
covered, down which it should be traced to its end, and 
destroyed. 

I'hese insects, as they often stoj> the growth of the leading 
branches, are a most obnoxious qbstruction to the training 
of young trees, and therefore cannot be too carefully looked 
after ; and, it must be observed, that whenever one is dis- 
covered, although on an useless collateral, it should be 
destroyed, for if suffered to attain maturity, it may be the 
means uf distributing hundreds of eggA the next year on the 
more important branches. 

These caterpillars or maggots make their appearance with 
the buds, but are at first very small; as the leaves advance, 
tliese grow, and about the end of April, or beginning of May, 
become mischievous. 
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Whenever the leaves are seen folded or sticking together, 
pressing them , between the thumb and finger will crash the 
insect, and in this manner a great number may be destroyed 
in a day. 

A i^eculiar caterpillar is sometimes produced on the currant 
and gooseberry bushes, in such numbers that they devour all 
the leaves, let the number of trees be ever so great ; on any 
sudden shock of the tree, they generally fall off, but unless 
then crushed or destroyed, they soon rise again ; the most 
effectual method of effecting the destruction of such, is to 
spread a sheet or cloth under the tree, so that it may catch 
theoi when they fall ; and then giving the trunk or branches 
a smart shock, by kicking against or striking them with a 
large pole or stick, the caterpillars will fall off upon the sheet, 
^d are then easily collected and destroyed.. 

Mr. Knight observes, *' an insect whose attacks on the 
apple-tree are often almost entirely destructive- of its fruit, is 
a small brown beetle ; this insect, when very minute, and 
long before It assumes the winged state or form, penetrates 
the blossoms by perforating one of the petals, and having, 
gained possession of its internal part, prevents its further 
expansion by means of its web, and destroys those parts of 
it on which the existence of the future fruit in a greatmeasure 
depends/' 

Peach trees are sometimes devoured by a species of 
chaJSTer or beetle, which shelter themselves in the crevices of 
old walls, or in the shreds, during the day, and from whence 
they emerge in the night, and commit their depredations. 

Although those insects and the caterpillar tribes are very 
destructive, they are not so great a nuisance to the peach and 
nectarine tree as the aphis, or plant-louse. 

The sudden appearance and rapid encrease of these insects, 
(which are called blights) most probably gave rise to the 
belief that they were conveyed by the winds^ 

Luminous or Phosphorescent Animah. 

220. These are very numerous, though they hava 
never hitherto been- arranged into any distinct 
classification, or tabular form.. They consist ehiefly, 
'and almost exclusively,, of insects and zoophytes; 
moUuscuous worms ; though instances are occasion- 
ally met v^ith among other worms. Insects famish 
nearly a dozen distinct genera, of v^hich almost all 
the species are luminous. The chief are the lampy* 



Phosphorescent Animats. 209 

ris, or glow-worm, and fire-fly tribes ; the ftilgora, 
or lantern fly ; the scolopendra, or centipede ; the 
fausus spoerocenus ; the elater noctilucus, and the 
cancer fulgens. 

Among the worm-class the principal are the phloas, or 
pholas, as it is now generally, bnt erroneously denominated, 
tlie pyrosoma, the medusa pbosphorea, the nereis nocticola, 
the pennatula, or sea-pen, and various species of the sepia 
or buttle-fish. The atmosphere in some parts of Italy appears oc- 
casionally to be on fire, in thecTening, from the great quantities 
of one species of the lampyris that throng together. A. single 
individual of the South-America fnlgora, fixed upon the top 
of a cane, or other staff, will afibrd light enough to read by. 
The streams of light that issue from the elater noetilucus are 
so strong in the night, that even the smallest print may be 
read by their lustre. 

221. The actidia or fire-fly is of the beetle kind 
and inhabits South-America. The natives use them 
instead of candles, patting from one to three of them 
under a glass. Madame, Meiran says, that at 
Suriucun, the light of this fly is so great, that she 
saw sufficiently well to paint and finish one of them 
in her work on Insects.— The largest of the acudia 
are said to be four inches long, and to shine like a 
shooting star as they fly. They are thence called 
Lantern-hearers. 

222. The pyrosonut, when at rest, emits a pale blue lustre ; 
bnt when in motion a much stronger light,Yariegatedby all the 
colours of the rainbow. The phloas secretes a luminous juice^ 
every drop of which illuminates, for a length of time, what- 
ever substance it falls upon, or even touches ; and the animal^ 
after death, may be preserved so as to retain its luminous 
power for at least a twelvemonth. The noctilucent nereis 
often illuminates, by its numbers, the waters it inhabits, to 
a very considerable extent ; and gives so bright a splencU)ur 
to the. waves, that, like the atmosphere when lighted up by 
the lampyris itaUca,they appear as though they were in a full 
flame. The organ from which the luminous matter is thrown 
forth, in these difi*erent animals, is of a very different 
character, and placed in ver^ different parts of the body ; 
sometimes in the head, sometimes in the tail, sometimes in 
the antennae, sometimes over the surface generally. 
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Depredations committed by Locusts in Germany^ 
Extract of a Letter from a Gentleman at Bres- 
lauy to his Friend in London* August 27 ^ 1754. 

223. I take this opportunity of sending you a 
melancholy journal of the mischiefs done here by 
the locusts, which has been carefully collected, 
and upon the truth of which in every respect you 
may safely depend. 

On the 20tbof this month an incredible multitude arrived at 
Lampersdorff^ in the Bernstadt; there they formed in a 
oolumn, and taking flight about noon, continued their 
passage for four hours over the forest of ilftW/te^i. These insects 
havings passed the Odevy settled in the country about Ohlau, 
and aher eating up every thing that was to be found at 
JRothland and Beckeren, they continued their passage again to 
lelsch. On the 23d another swarm of these devouring 
creatures came from Patschkau to Ober Schreihendorffj wherfBi 
they fell upon two gardens and ruined every thing that wa&, 
in them. As they were a little straitened in their quarters, 
they lay one upon another in heaps, to the height of one's 
knee, and being driven from thence they eat up all the 
grass in the meadows, and even all the rushes and reeds 
about the village of Dtutseh Jachel; and from thence they 
continued their flight to Hoben Giersdorff) where they destroyed 
several fields of buck-wheat. As yet we have no farther 
account of the excursions of this body. A third prodigious 
swarm passed in the evening of the 22d by ZincheL On the 
23d they fell about Lotdot-ff, on the 24th they passed by 
SehonbruHj Priebom, and Swenkuben and at length took up 
their quarters in the village of Datzdotffy where they lay one 
upon another a quarter of a yard high, taking up a quarter of 
a league in length, and about half that space in breadth. All 
the fruits of the earth that are not got in, as well as the grass, 
reeds, and in short every green thing, is totally destroyed. 
They tried at first to drive them away, at length somebody 
very luckily thought of beating a drum, upon which they 
immediately took flight, but settled soon after upon the trees 
in the forest, from whence they were driven by the same 
meaiis. They made their retieat by Muntterberg, and then 
passed through the county of Glatz into BoAnnia, where 
they have committed dreadful devastations on the Jands of 
count VMHs. These insects are about the length of one*s 
finger, and of all colours, grey » green, yellow, black, red, 
and brown. Some people preteiid to say^ that each of these 
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bands has a captain of a most enormous size ; tliis is cerfainy 
that tbey leave behind them an intolerable stench. Some of 
the inhabitants of the country have observed, that they make 
holes in dry earth, about the depth of one's fing:er, where 
they lay their eggs ; which the peasants are endeavouring to 
destroy by doable plowing their land. It is very remarJcable, 
that the same evening tbey quitted Lampersdorff, three great 
swarms of winged ants passed by the same place, as if they 
had been in pursuit of them. Some people were foolish 
enough to endeavour to stop them, but as this drew thp 
whole swarm upon them they were quickly weary of that sort 
of diversion. 

Microscopic View of Spiders weaving their Webs. 

224. Of all the beautiful discoveries with which 
-we have become acquainted^ through the progress of 
the physical sciences, there are none more striking 
than those of the microscope, or which may be 
studied with greater ease. The application of a 
powerful lens to any of those minute objects which 
Vfe have it daily in our power to examine, exhibits 
a scene of wonder, of which those who have never 
witnessed it cannot form an adequate idea. 

For example, the construction of cobwebs, has in all ages 
been lightly esteemed: nevertheless, for simplicity of ma- 
chinery and neatness of execution, they cannot be surpassed 
by the art of man. The spinners are the apparatus through 
which by a most wonderful process the spider draws its thrcMl. 
Each spinner is pierced, like the plate of a wire-drawer, with 
a multitude of holes, so numerous and exquisitely fine, that 
a space often not bigger than a pin's point includes above a 
thousand. Though each of these holes proceeds a thread of 
an inconceivable tenuity, which, immediately after issuing 
from the orifice, unites with all the other threads, from the 
same spinner, into one. Hence from each spinner proceeds 
a compound thread; and these four threads, at the distaooe 
of about one tenth of an inch from the apex of the spinner, 
again unite, and form the thread we are accustomed to see, 
which the spider uses in forming its web. Thus a spider's 
web, even spun by the smallest speoies, and when so fine 
that it is almost imperceptible to oar senses, is not, as we 
suppose, a single line, but a rope composed of at least four 
thousand strands.— ^fiut to feel all the wonders of thb fact, 
we must follow Lenwenhoeck in one of his calculations on 
the subject. This renowned micrascopic observer found, by 
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an accurate estimation, that the threads of the minutest 
spiders, some of which are not larger than a grain of sand, 
are so fine, that four millions of them would not exceed in 
thickness one of the hairs of his beard ! Now we know that 
each of these threads is composed of above 4,000 still finer. 
It follows, therefore, that above 16,000 millions of the finest 
threads which issue from such spiders, are not, altogether, 
thicker than a human hair. 

In the earlier part of last century, l^on of Languedoc^ 
fabricated a pair of stockings and a pair of gloves frpm the 
threads of spiders. They were nearly as strong as silk, and 
of a beautiful grey colour ! 

Sulphate of Zinc (White Vitriol) devoured by 

Spiders* 

225. For the knowledge of this fact> one of the 
most curious yet observed, as connected with the 
food of the insect tribes, we are indebted to the 
sagacity of Mr. Holt. 

A quantity of sujphate of zinc, which he kept in a paper, 
disappeared, except a small external crust, in the centre of 
which was a large spider. To determine whether this insects 
of the species called a$'anea seenica, had devoured the salt, 
he was put in a box vnth fresh sulphate of zinc, which he 
devoured in the same manner, converting it into a yellowish- 
brown powder. I'his matter was found lighter than the 
Sulphate of zinc, from which it had been formed by the spider. 
It was insoluble in water, and appeared to have been deprived 
of a portion of its acid. 

Curious Account of the Economy of Ants hyj. 

Strutt, Esq. 

226. During a short stay, in July 1816 at Malvern 
Wells, in Worcestershire, I observed, in climbing 
one of the hills, a long bare ^ place, which ran 
diagonally across a smooth grass walk, which had 
been made for the accommodation of those who 
visited the wells. 

This bare place or path was entirely filled with ant8> which 
were mnning backwards and forwards, apparently very busy 
in search of food. The path seemed to be between nine and 
ten feet in length, and about two inches in breadth, and ter- 
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minated at^ihe lower extremity, in a bed of nettles and long 
^as8 ; and none of the ants deviated at all from the path till 
they reached this point, when they separated, and w^nt dif- 
ferent ways. Those which retamed with food in their months 
deposited it in the nest,, which was at the other end. 

I observed many of .them returning from the nest with 
something in their mouths, which, upon closer inspection, I 
found to be their young, which they were taking out, for the ^ 
purpose, as I concluded, of exposing them to the air and sun, 
When they had proceeded about one-third of the way down 
tiie path, they deposited their charge upon the grass, and 
returned to the nest, in all probability to fetch more of their 
young. 

I watched several of the ants one by one from the nest, and 
found that they went an immense way in search of food. I 
kept my eye upon one in particular for some time, and at 
length saw it take up a dead fly, with which it was returning 
to the nest ; but when it had proceeded about halfway up the 
path it was overtaken by another ant, which seemed also to 
be returning, but which had not been so successful as that 
whose motions I had been observing: a contest instantly 
ensued, in which the one that had made the attack succeeded 
in getting possession of the dead fly, which it carried trium- 
phantly to the nest, while the other returned in search of 
something else, ashamed to enter the nest without contribu- 
ting to the general stock. 

Upon examining the nest closer, I observed several of the 
unts that appeared to be wandering beyond the nest, a 
circumstance which I had not before noticed. I followed 
them with my eye, and found that there was another path, 
formed by them amongst the loose stones and sand of the 
hill ; and, upon ascending a little higher, I found it was as 
much throngedNivith them as the path below. 

I traced them for about 260 or 300 yards, when, to my 
great surprise, I discovered an immense nest of about four- 
teen yar<Is in circumference, in which t beheld such myriads 
of tliese little creatures that my ey^s were actually dazzled 
with looking at them. The n^st was composed of s^all bits 
of dry grass, bark of trees, fern leaves, &c. all of them cut 
into tittle shreds of about one quarter of an inch in length. 
The entrances into it were innumerable, and thronged with 
the busy tribe. Wishing to ascertain the depth of the nest, I 
thrust my stick into it, and found that, for about a foot and a 
half, it was composed of these dry leaves^ &c. ; and upon 
turning this np I saw all the young and food deposited amongst 
the small loose stones of which that part of the hill was com- 
posed. I did not dare to remain long near the nest, for I 
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foand mysely entirely coyered from head to foc^ili the spac6 
of two minutes. The next morning I found the nreacb which 
I had made the night before completely repaired, and also a 
dead mole which I bad thrown into the nest entirely consumed. 
I endeavoured to find if there were any other patlis which led 
from the nest, but I could not discover any. There were a 
great number of ant-hills, made by the Formica nthra^ or red 
ant, all around Ibis nest, some within ten or twelve feet ; 
but the ants of both species seemed to keep quite distinct, 
and never to interfere with _cach other. I brought several 
of tiie ants home with me ; and, upon examination, they 
appear to me to be the Foitnica herculanea, or horse-ant, of 
Linnaeus ; but I do not conceive they are peculiar to that 
part of the country in which I then was." 

Mr. Humboldt informs us that ants abound to 
such a degree near Valencia, that their excavations 
resemble subterraneous canals, which are filled 
with water in the time of the rains, and become very 
dangerous to the buildings. 

Arabian Horses, 

m 

227, These animals stand unrivalled, throughout 
the world for fleetness, docility, and beauty. The 
dearest, as well as the scarcest, are those of the 
race of OceUNagdy. These are brought from 
Bassora: they are beautiful, gentle, very swift, 
of a dark bay colour, or more frequently a dapple- 
grey. They are very intelligent, and extraor- 
dinary instances are recorded of their attachment 
to their masters. Accordingly, they frequently 
bring as much as eight thousand piastres, (equal 
to eighteen hundred pounds sterling;) and, on a 
recent occasion, a mare of this breed was sold at 
St. Jean d'Acre for the sum of fifteen thousand 
piastres. 

The second race, that of Guelft, is brought from Yemen. 
It is patient, indefatigable, extremely gentle, and fetches as 
high a price as four thousand piastres. 

The horses of the race of tSecldony, are brought from the 
eastern part of the desert; and are not quite so dear. 

The race of Oal-Mefld is superb, but less capable of 
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endaring fyMcoe. These horses are hig^bly prized by the 
rich Tarks VlDamascus, and are purchased in the deserts 
adjacent to^at city. They are usually sold at about three 
thousand piastres. 

The race of Oal-Sahi resembles the latter, but is inferior ; 
its price varying from twelve hundred to two thousand 
piastses. 

Lastly, the horses of the race of OaUTrexdi, are handsome, 
but often restive ; and are less intelligent, as well as less 
intrepid, than those of the other races. Their usual price 
is from nine hundred to a thousand piastres. 

/ 

9 

Beaver Villoffes in Hudson^ s Bay. 

228. In Beaver Creek, Hays Island, Hudson's Bay, 
there are three dams made by the beavers with great 
art and dexterity, two on one side the beaver-house, 
and another beyond, on the other side. The first is 
about a mile off the house, and reaches across al- 
most from one ^ bank-edge to the other, run- 
ing high up the shore, and is about 57 feet in length. 
The second dam is about a quarter of a mile from 
, the beaver-house, and is 84 feet long.. The third 
dam about 300 yards beyond the house, is different 
from the other tivo, which are circular in the middle, 
and have a cut to vent the water; but this is in a 
strait line, and has no cut to let the water off. 

The beaver house is so situated as to be surrounded about 
three parts with water, the other part joining to the land ; 
It is round with an oval dome at the top : the height above 
the water eight feet, about 40 feet in diameter, and in circum- 
ference about 120. The bottom part of the house is earth or 
soil, with pieces of wood laid in it of about three inches cir- 
cumference ; then a parcel of poplar sticks laid with one end in 
the house, and the other slanting a long way under water : 
then a layer of earth or soil again ; then poplar sticks and 
these layers of earth, the poplar sticks not exceeding eigh- 
teen inches in height; and quite from them to the summit of 
the house there are soil, stones, and small sticks, all artfully 
put together, as in the upper part of the dams; and tb» 
whole covered with sods, long grass growing thereon, and on 
the upper part willows. The house is built so that the outer- 
most part of it does not stand further out into the creek than 
the edge of the shore ; but what brings the water so much 
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roand it (except the creek in front) is, thai th^ouise bein^ 
built of the earth and soil close to where Hlmtands, the 
taking that soil has made two trenches, one on each side, 
which are in the broadest part nine feet, narrowing sa they 
approach the bank, and eighteen feet long, receiving the 
water of tiie creek. The house is tight, and hard put toge- 
ther, requiring an ax to break into it, and when the frost is 
set in, almost impenetrable. 

From the house there were several paths into the wood, 
the track of which much resembles that of a common foot- 
path ; the use of which path is to draw down out of the 
wood the sticks or trees which they have there got, either for 
food or building ; and they bite ofif all the twigs, or pieces of 
willow and poplar which grow across, or in the way, to make 
a free passage. 

This house was said to have no beavers in it, by reason 
they had been disturbed ; for when once beavers are dis- 
turbed, they immediately quit that habitation. The Indians 
know in the summer season, whether the beavers inhabit a 
house or not, by looking on the stems of the poplar, the upper 
pari or branches of which have been bit off, and seeing whe- 
ther the marks of their teeth are fresh or not; for it is with 
their fore-teeth, which are shaped like those of a rabbit, that 
they cut down all their wood, and the pieces, where cut, 
look as if they had been cut by a cooper's gouge : If the 
marks are fresh, they then know that the house is not for- 
saken. The Indians also know by the mark which their teetb 
leave, what kind of beavers there are in such house, their 
age and number ; at a birth they have fVom two t6 five, ^nd 
not more, and breed annually. 

The Indians sometimes shoot them, which they do. by 
getting to the leeward of the beavers ; and they must make 
use of some dexterity, for the beaver is. an extremely shy 
animal, sharp at hearing, and of a quick scent ; and the op- 
portunities they have of shooting them is at such times as 
the beavers are at work, or when ashore to feed on the poplar. 
They work in the morning and evening, when every thing is 
quiet ; while at work, they will stop all of .a sudden, and listen 
if they can hear any thing, and if they do, jump into the water 
immediately, continue there a short time, and then rise at a 
distance. They are sometimes taken by traps : the bait being 
poplar-sticks, laid in a path, and near to the water ; which, if 
the beavers begin to feed on, a large log of wood falls on 
their necks. At the setting of these traps, the Indians first 
wash their hands, and use all possible means that the poplar 
with which they set these traps, shall not smell of their handji^ 
for then the beaver would not come near it. 
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The bAer conms not upon the land in the winter, but then 
e, they attack him in his hoose, and Ids skin is reckoned in the 
highest perfection abont Christmas. To take the beaver in 
vlntar, they break the ioe at a distance from the house in 
two places, the one behind the other. They then take away 
the broken ice with a kind of rake, for otherwise the loose ice 
would hinder them from seeing where to place their stakes. 

The nets are of a large mesh, and sometimes eight or ten 
fathoms in length, either made of twine, or of deer-skin cut 
into thongs ; and with these stakes and nets, the house is in- 
)! closed^ and the beaver cannot escape by water. When the 
nets and stakes are fixed, they then go to breaking n^ the 
house, and when broke up turn in their dog; the beaver, 
frightened, immediately auits the house, the entrance to 
^ whiGh is always by a hole from the water, n^ver by the land- 
^ way. The beaver taking the water is deceived by the meshes 
of the net, and is soon entangled in it ; and as soon as entan- 
gled, gives notice by the ringing of a bell, which is fixed 
to the top of the net. The Indians, who are not masters of 
•a bell, watch if the water rises, and if it does, they are as 
expeditious as possible in getting out the beaver, and in put- 
ting it down again. Sometimes the beavers will return, when 
they find they cannot get further than the net, to the houscy 
and there be taken, and knocked on the head ; first making a 
great moan, according to common report like that of a 
human creature, sitting on their hinder parts, rubbing their 
^'ibre-paws together, and tears running from their eyes. 

Wheii the Indians take a house of them, they generally 
leave two to breed. The beaver is a valuable booty to the 
Indians, both as excellent food, cloathing, and a commodity 
to trade with. The Indians make use of the teeth of beavers 
to sharpen their knives, or any other iron tools. 

As to the inside of the beaver-houses, the commonly received 
opinion oftheir building several stories in them, one above ano- 
thler, is fictitious : the fioor is high, resembling an oven. Tlie 
beavers have one spot near the water's edge, where they lie 
upon dry grass, ready to dive into the water on hearing a noise* 
In another part there is the poplar (which they provide in the 
summer against the winter) the greater length of which lies 
out of the bouse in the water, which they pull in as they want 
it. In another part is their 4ung, or soil, which they are 
under the necessity of laying there ; for if they voided it in 
the water, and especially in frosty weather, their entrance 
would soon be choked up. 

What the beaverfeeds on is only the bark and rind of the 
poplar, not the wood, they also feed on a weed which grows 
at the bottom of the water. Their flesh, in appearance, is 
VOL. I. L 
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'ike mutton, but as to the taste it has a groat rese Alance to 
pork. It is a strong meat, and very siltiating. The most 
delicate part is the tail. 

The beayers are remarkably affectionate one to the other : 
two of them were caught when about six weeks old, and 
brought alive to one of the Hudson's Bay factories, where Ihey 
were preserved by pieces of poplar put into water, and a 
place was made for them to lodge in ; they throve for nearly 
two mouths when, one night, one of them, by a fall from the 
parapet at the top of the factory, was killed; the other was 
perceived the next day to moan, and to eat nothing : and so 
he continued to do for four days, when he died. 

The Camel 

229. This animal is a native and inhabitant of 
the vast deserts of Africa and Asia; and no crea- 
ture seems so peculiarly fitted to the climate in which 
it exists. 

Designing the camel to dwell in a country where he can 
find little nourishment, nature has been sparing of her mate- 
rials in the whole of his formation. She has not bestowed on 
him the plump fleshiness of the ox, horse, or elephant ; but 
limiting herself to what is strictly necessary, she has given him 
a small head without ears, at the end of a long neck without 
flesh* She has taken from his legs and thighs every muscle not 
immediately requisite for motion ; and in short, has bestowed 
on his withered body only the vessels and tendons necessary 
to connect its form togemer. She has furnished him with a 
strong jaw, that he may grind the hardest aliments ; but lest 
he should consume too much, she has straitened his stomach, 
and obliged him to chew the cUd. She has lined his foot 
with a lump of flesh, which sliding in the mud, and being in 
no way adapted to climbing, fits him only for a dry level, 
and sandy soil like that of Arabia. She has evidently 
destined him likewise to slavery, by refuidng him every 
sort of defence against his enemies. Destitute of the 
horns of the bull, Sie hoof of the horse, the tooth of the 
elephant, and the swiftness of the slag, how can the camel 
resist or avoid the attacks of the lion, the tiger, and even the 
wolf? To preserve the species, therefore, nature has cou* 
cealedhim in the depths of the vast deserts, where the want 
of vegetables ean attract no game, and whence the want of 
game repels every voracious animal. 

Become domestic, the camel has rendered habitable the 
most barren soil the world contains. He alone supplies all 
his master^s wants. 'The milk of the camel nourishes the 
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ftdAQy of the Arabfl, under tbe varied forms of card, cheese^ 
and batter ; and they often feed upon his flesh. Slippers and 
harness are made of his skin, and tents and clothing of his 
hair. Heavy burdens^ are transported by his means : and 
when the earth denies forage to the horse, so Talaable to 
the Bedoain or wandering Arab, the she camel supplies that 
deficiency by her milk, at no other cost, for so many adyan* 
tages, than a few stalks of brambles or wormwood, and 
pounded date. So great is the importance of the camel to 
the deserts, that were they depri?ed of that aseftil animal, 
they must infedlibly lose every mhabitant. 

There are, in the east, four species of camels, the first of 
which is, the Arab camel: it carries the heaviest burdens, has 
one hanch only on the back, and is provided with but little 
hair. The second is the dromedary, or swift camel, called by 
the Arabs hedjyn: it is smaller, and more slightly built than 
the former, and also one hunch only. Several of these 
animals will trot at sach a rate as to be able to perform 
twenty leagues between sun-rise and sun-set. This species is 
very scarce, and proportionally dear. The Torisman camel 
constitutes the third species; and of this the caravans of 
Persia, and those which proceed from Aleppo to Smyrna 
and Constantinople, are composed. It has but one hunch, 
its legs are shorter and thicker than those of the Arab camel, 
it is of a darker colour, and the hair, which flows from its 
neck, reaches the ground. The fourth species is the Bac- 
trian camel, it is provided with two hunches, is in common 
use in China and Tartary, but is scarce in Lower Asia. 

The Kaiman Alligator. 

230. The Kaiman, a species of the alligator, or 
crocodile, is found in the southern rivers of the United 
States of America. Some of the kaimans are of so 
monstrous a size as to exceed five yards in length. 
They devour all living animals that they can catch* 
They are fond of the flesh of hogs and dogs. When 
basking on the shore they keep their hage mouths 
wide open till they are filled with musqnitoes, flies, 
and other insects, when they suddenly shut their 
jaws and swallow their prey. They are great 
destroyers of fish in the rivers and creeks^ which 
tiiey catch with the same address. 

Eight or ten of these lie at the river or creek^ whilst others 
go to a distance up the river, and chase the fish downward, 
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fcy which means none of any bigness escape them. They are 
said, however, to remain torpid daring the winter, in dens 
which they find in the hanks of the rivers, having previously 
swallowed a large number of pine knots, which form their only 
sustenance till the period of their revival or waking. The 
kaiman seldom touches a man, however near it may lie to 
1dm. It constantly flies when on land ; but in the water it is 
fiercer, and has been known to bite off the leg of a person 
bathing : it more frequently attacks dogs. Sometimes, when 
hounds, in pursuit of a stag, swim through the water, the 
kaimans seize both the hounds and deer, and pull them 
down to the bottom, without their ever-appearing again, llie 
scales with which they are coated render them invulnerable, 
imless the wound be inflicted in the interstices of the scales, 
or at the extremities. 

Account of the great Sea Serpent seen on the Coaste 
of North America, in 1817. 

231. In the month of August, 1817> it being cur- 
rently reported, on various authorities, that an ani. 
mal of very singular appearance had been recently 
and repeatedly seen in the harbour of Gloucester, 
Cape Ann, thirty miles from Boston, the Linnasan 
Society of New England, in a meeting at Boston, 
on the 18th of August, appointed the Hon. John 
Davis, Jacob Bigelow, M.D. and Francis C. Gray, 
Esq. a committee, to collect evidence with regard to 
the existence and appearance of such an animal. 

Accordingly on the 19th of August, the conimittee 
wrote to the Hon. Lonson Nash, of Gloucester, re- 
questing him to examine upon oath, some of the in- 
habitants of that town upon the subject. And the 

sum of the testimonies received was this. 

« 

First Deposition. 

232. Amos Story, of Gloucester, in the county 
of Essex, Mariner, deposed, that on the 10th day of 
August, 1817, he saw a strange marine animal, like 
a serpent, at the southward and eastward of Ten 
Pound Island, in the harbour of Gloucester. 

It was noon when he first saw the animal and that it con- 
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tinued in sidplit for an hour and a lialf . Story was sitting on 
the shore about tw^ty rods from the anioaal, whose head 
appeared shaped like the head of a sea taittey and he carried 
it from ten to twelve inches above the surface of the water. 
At that distance it appeared larger than the head of any dog«- 
From the back part of Ins head to the next part of him thai 
was visible, was from three to fonr feet. He moved very 
rapidly through the water, a mile in two or at most in three 
minutes. On this day. Story did not see more than ten or 
twelve feet of his body. He likewise saw, what I believe to 
be the same animal, on the 23rd of August, 1817, in the 
morning, about seven o'clock. He then lay perfectly stiU« 
extended on the water, and Story judged that he saw fifty 
feet of it at least 

He had a good telescope both days, and continued look- 
ing at him about half an hour, and he remained still and in 
the same position. Neither his head nor tail were visible. 
His colour appeared to be a dark brown, and when the sun 
shone upon him, the reflection was very bright. Story thought 
his body was about the size of a man's. 

Second Deposition. 

233. Solomon Allen, of Gloucester, Shipmaster^ 
deposed, that on the 12th, 18th, and 14th of August, 
1817, he saw a strange marine animal^ which he 
believed to be a serpent, in the harbour of Glouces- 
ter. This animal Was from eighty to ninety feet in 
length, and aboat the size of a half barrel, appa* 
rently having joints from his head to his tail. Allen 
was aboat 1^ yards from him. The head formed 
something like a rattle-snake, but nearly as large as 
that of a horse. When he moved on the surface of 
the water, his motions were slow ; at times playing 
libout in circles, and sometimes moving nearly 
straight forward. 

When he disappeared, he sunk apparently, directly down, 
and wonid re-appear at the distance of 200 yards in one 
minute. His colour was a dark brown. Allen was in a boat 
on the twelfth inst and went round the animal several times, 
within 150 yards. On the thirteenth inst. he saw it nearly 
all the day, from the shore, and most of the time it was from 
150 to 300 yards from Alien. On the fourteenth he saw it 
but one, The joints or bunches of the fish appeared about 
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eight or ten inches above the sarface of tlie water, and were 
about fifty in number. He moved to the right and left, and 
appeared roogh and scaly. He appeared to avoid Allen's 
boat, though he aft^wards saw it make towards a boat in 
which were some other people. When Alien looked at him 
from the shore with a glass, at about 200 yards distance, his 
mouth appealed to be open about ten inches. At times he 
carried his head about ten feet above the surface of the water ; 
then again he would carry the top of his head just on the 
surface. He turned short and ^uick, and the first part of 
the curve that he made in turning resembled the link of a 
chain ; but when his head came parallel wiHh his tail, his head 
and tail appeared near together. 

Third Deposition. 

234. I, Epes Eilary, of Gloucester^ Shipmaster,, 
depose, that on the 14th day of August, 1817, Isaw 
a sea animal, that 1 thought to be a serpent^ in the 
harbour in said Gloucester. 

I was on an eminence, near low-water mark, and about 
thirty feet aboVe the level of the sea, when I saw him. I 
should judge that he was about 150 fathoms from me. I saw 
the upper part of his head, and about forty feet of the animal. 
He appeared to me to have joints, about the size of a two- 
gallon keg. I was looking at him with a spy-glass, when I 
saw him open his mouth, which appeared like that of a ser- 
pent ; the top of his head appeared flat. His motion when 
he turned was quick. I did not count the number of bunches^ 
but they appeared about six inches above the surface of the 
water. Its sinuosities were vertical. He appeared to be amus- 
ing himself, though there were several boatsnot fiur from him* 

Fourth Deposition* 

235. I, William H. Foster, of Gloucester,, mer- 
chant, depose, that on the 14th day of Angust, 1817, 
I first saw an uncommon sea snimsd, that 1 believe to 
have been a serpent, in the harbour in said Glou- 
cester. 

His head was above the surface of the water, perhaps ten 
inches, and he made but little progress. He was apparently 
shaded with light colours. He afterwards went in different 
directions, leaving on the surface of the water, marks like 
those made by skaiting on the ice. Then he would movo 
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in a straight line west, and would almost in an instant cbango 
bis course to east, bringing his head, aanear as f could judge 
to where his tail was : raising himself as he turned, six or 
eight inches out of the water, and shewing a body at least 
forty feet in length. On the seventeenth instant, I again saw 
him. He came into the harbour, occasionally exhibiting 
parts of his body, which appeared like rings or bunches. ^9 
he drew near, and when opposite to me, there rose from his 
head or. the most forward part of him, a prong or spear about 
twelve inches in height, and six inches in circumference at 
the bottom, and running to a small point It appeared 
smooth and of a brown colour, I thought it appeared to no-" 
tice objects. It moved at the rate of a mile in a minute. 

Fifth Deposition* 

236. I, Matthew Gaffney, of Gloucester, Ship 
carpenter, depose, that on the 14th day of August, 
1817, between the hoars of foar and five o'clock in 
the afternoon, I saw a strange marine animal, re- 
sembling a serpent, in the harbour in said Glouces- 
ter. I was in a boat, and was within thirty feet of 
him. 

His head appeared full as large as a four-gallon keg ; his 
body as large as a barrel, and his length that I saw, I should 
judge forty feet at least The top of his head was of a dark 
colour, and the under part of his head appeared nearly white, 
as did also several feet of his belly, that I saw. I fired at 
him, I had a good gun, and took good aim at his head, and 
I think I must have hit him. He turned towards iis imme- 
diately, bnt4sunk down and went directly under our boat, 
and made his appearance at about 100 yards from where he 
sunk. He did not turn down like a fish, but appeared to 
settle directly down, like a rock. My gun carries a ball of 
eighteen to the pound; and I suppose there is no person in 
the town more accustomed to shooting than I am. I have 
seen the same animal at several other times, but never had 
so good a Yies^ of him as on this day. His motion was vertical 
like the caterpillar. 

He moved at the rate of a mUe in two, or at most in three 
minutes. He turns quick and short, and the first part of the 
curve thatUe makes in turning, is in the form of the staple ; 
but his head seems to approach rapidly towards his body, 
bis head and tail moving in opposite directions, and, when 
bis head and tail come parallel, they appear almost to touch 

h 4 



S34 Natural Phenomena, 

each other. He did not appear shy after I fired at liim ; but 
Gontinaed playing as before. 

Sixth Deposition* 

287. Ia James Mansfield^ of Gloucester, merchant, 

depose, that I saw a strange creature of enormous 

length, resembling a serpent. I think this was on 

the I6th of August, 1817. 

He was from forty to sixty feet in length, extended on the 
surface of the water, with h^ head above, about a foot. He 
remained in this position but a short time, and he started off 
very quick. I saw bunches on his back about a foot in height, 
when he lay extended on the water. His colour ajppeared to 
me black, or very dark. It was a little before six o'clock, 
P.M. when I saw him, he moved a mile in five or six minutes* 
, The serpent was about oile hundred and eighty yards from 
the shore where I stood. And his head appeared about the 
size of a crown of a hat. 

Seventh Deposition, 

238. I, John Johnston, jun. of Gloucester, of the 
age of seventeen years, depose, that, on the evening 
of the seventeenth day of August, 1817, between 
the hours of eight and nine o'clock, while passing 
from the shore in a boat, to a vessel lying in the 
harbour in said Gloucester, I saw a strange marine 
animal, that I believe to be a serpent, lying extend* 
ed on the surface of the water. 

His length was fifty feet at least, and he appeared straight, 
exhibiting no protuberances. Captain John Corliss, and 
George Marble were in the boat with me. We were within 
two oars' length of him, when we first discovered him, and 
were rowing directly for him. We immediately rowed from 
him, and at first concluded to pass by his tail ; but, fearing 
we might strike it with the boat ; concluding to pass around 
bis head, which we did, by altering oUr course. He remain- 
ed in the same position, till we lost sight of him. We ap« 
g reached so near to him that I believe I could have reached 
im with my oar. There was not fiufficient light to enable 
me to describe the animaU 
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Eighth Deposition. 

239. I, William B. Pearson, of Gloucester, mer- 
chant, depose, that I have several times seen a 
strange marine animal that I believe to be a serpent 
of great size, 

I have had a view of him only once, and this was on the 
18th of Augast, 1817. I was in a sail boat, and when off 
Webber's Co?e, I saw something coming out, we hove-to, 
not doubting but that it was the same creature that had 
been seen several times in the harbour. The serpent passed 
out under the stern of our boat towards Ten-Pound Island ; 
then he stood in towards us again, and crossed our bow. 
We immediately exclaimed, * here is tlie snake V From what 
] saw of him, I should say, that he was seventy feet in length* 
I distinctly saw bunches on his back» and once he raised his 
head out of the water. The top of his head appeared flat. 
His colour was a dark brown. I saw him at this time about 
two minutes. His motion was vertical. His velocity at this 
time was not great ; though, at times, I have seen him move 
with great velocity, — I should say at the rate of a mile in 
three minutes, and perhaps faster. His size I judged to be 
about that of half a barrel. I saw Mr. Gaffney fire at him, at 
about the distance of thirty yards. I thought he hit him, and 
afterwards he appeared more shy. He turned very short, 
and appeared as active as the eel, when compared to his 
size. I thought that I saw his eye at one time, and it was 
dark and sharp. I saw ten or twelve distinct bunches out 
of the water at one time; but I saw none towards what I 
thought to be his taiK 

Ninth Deposition. 

240. I, Sewell Toppan, master of the schooner 
Laura, depose, that on Tharsday morning, the 
28th day of Angust, at about nine o'clock, A.M. 
at about two miles east of the eastern point of Cape 
Ann, being becalmed, 

I saw a singular kind of animal or fish, which I had never 
before seen, passing by our quarter, at a distance of about 
forty feet, standing along shore. I saw a part of the animal 
or fish ten or fifteen feet from the head downwards, including 
the head ; the head appeared to be of the size of a ten gal- 
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Ion keg, and six inches above the surface df the water. If 
was of a dark colour. I saw no tongue, but beard William 
Somerby and Robert Bragg, my two men, who were with 
me, call out, " look at his tongue.'' The motion of its head 
was sideways, but that of the body up and down. His mo- 
tion was much more rapid than that of Whales, or any otber 
fish, I have ever seen ; he left a very long wake behind him ; 
he did not alter his course in consequence of being so near 
the vessel. I have been at sea many years and never saw 
auy fish that had the least resemblance to this animal. Judg- 
ing from what I saw out of the water, I should suppose the 
body was about the size of a half barrel in circumference. 

Tenth Deposition* 

241.1, Robert Bragg,' of Newbury-port, mariner,of 
the schooner Laura, of Newbury-port, (Sewell Top- 
pan, master,) testify : That on Thursday last, about 
ten o'clock, A.M. coining in said schooner, bonnd 
from Newbury-port to Boston, off Eastern point, 
(Cape Ann), about a mile and a half from the shore, 

I being on deck, the vessel being becalmed, looking 
at the windward, I saw something break the water, and 
coming very fast towards us. 1 mentioned it to the man at 
the helm, William Somerby : the animal came about 28 or 
30 feet from us, between the vessel and the shore, and passed 
very swiftly by us ; he left a very long wake behind him. 
About six inches in height of his*body and head were out 
of water, and, as t should judge, about fourteen or fifteen 
feet in length. He ^ad a head like a serpent, rather 
larger than his body,^nd rather bhmt ; did not see his eyes ; 
when astern of the vessel about thirty feet, he threw out his 
tongue, about two feet in length ; the end of it appeared to 
me to resemble a fisherman's harpoon ; he raised his tongue, 
several limes perpendicularly, or nearly so, and let it fall 
again. He was in sight about ten minutes. I think he 
moved at the rate of twelve or fourteen miles an hour ; he 
was of a dark chocolate colour, and from what appeared oat 
of water, I should suppose ho was about two and a half feet 
in circumference ; he made no noise ; his back and body ap« 
peared smooth ; a small bunch on each side of his head, 
just above his eyes; he did not appear to be at all disturbed 
by the vessel; his course was in the direction of the salt 
Islands \ his motion was much swifter than any whale that I 



Sea Serpents. 22? 

have ever seed, and I have seen many ; did not observe any 
teeth ; his motion was very steady, a little up and down« 

Another Deposition* 

242. I, William Somerby, of the schooner Laura, 
testify and say : That on Thursday last, about ten 
o'clock, A.M. as I was coming in said schooner 
from Newbiiry-port, bound to Boston, off Brace's 
Cove, a little eastward of Eastern Point (Cape Ann^ 
about two miles from land, the sea was calm, I was 
at the helm, the serpent form passed swiftly by tts; 
. — the nearest distance I should judge to be between 
thirty and forty feet ; the upper part of his back 
and head was above water ; the length that ap^ 
peared was twelve or fifteen feet; bis head was like^ 
a serpent's, tapering off to a point. 

He threw out his tongue a number of times, extendin]g 
about two feet from his jaws, the end of it resembled a har- 
poon : he threw his tongue backwards several times over his 
head, and Let it fall again. I saw one of his eyes as he 
passed ; it appeared very bright, and. about the size of an 
ox. The colour of all that appeared was very dark, almost 
black. He did not appear to take any notice of l^e vessel^ 
and made no noise. The motion of this animal was much 
swifter than, that of any whale. The motion of the body 
was rising and falling as he advanced, the head moderately 
vibrating from side to side. The colour of his tongue 
was a light brown., 

Depositien^ proving that the same Serpent, or one. 
of the same Species, was seen in 1815. 

243. 1, Elkanah Finney, of Plymouth, in the county 
of Plymouth, mariner^ testify and say: that, ab^ont 
the twentieth of June 1815, being at work near 
the sea shore in Plymouth, at a place called War- 
iren's Cove, where the beach joins the main land ; 
zny son,, a boy, came from the shore and informed 
me of an unusual appearance on the surface of th^ 
sea in the Cove. 
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^ I paid little attention to his story at first; but, as lie per« 
sisted in saying that he had seen something yery remarkable^ 
I looked towards the Cove, where I saw something whi<^ 
appeared to the naked eye to be drift sea weed. I then 
viewed it through a perspectiye glass, and was satisfied that j^ 

it was some aquatic animal, with the form, motion, and b^ 1 

pearance of which I had been hitherto unacquainted' It 
was about aquarterof a mile from the shore, and was moving 
with great rapidity to the northward. It then appeared to be 
about thirty feet in length ; the animal went about half a mile 
to the northward, then turned about, and, while turning, dis- 
played a greater length than I had before seen ; I supposed at 
least an hundred feet. It then came towards me, in asoulberly 
direction, very rapidly, until he was in a line with me^ 
when he stopped, and layed entirely still on the surface of 
the water. I then had a good view of him through my 
glass, at the distance of a quarter of a mile : his appear- 
ance in this situation was like a string of buoys. I saw per- 
haps thirty or forty of these protuberances or bunches, which 
were about the size of a barrel. The head appeared to be 
about six or eight feet long ; and, where it was connected 
with the body, was a little larger than the body. His head 
tapered off to the size of a horse's head. I could not discern 
any mouth. But what I supposed to be his under jaw, had 
a white stripe extending the whole length of the bead, just 
above the water. While he lay in tibis situation, he ap- 
peared to be about a hundred or a hundred and twenty 
feet long. The body appeared to be of an uniform size. I 
saw no part of the animal which I supposed to be a tail : I 
therefore thought he did not discover to me his whole length. 
His colour was a deep brown or black. I could not discover 
^any eyes, mane, gills, or breathing holes. I did not see any 
fins or legs. The animal did not utter any sound, and it 
did not appear to notice any thing. It remained still and 
motionless for five minutes or more. The wind waa light, 
with a clear sky, and the water quite smooth. He then 
moved to the southward ; but not with so rapid a motion as 
I had observed before : he was soon out of my sight. The . 
next morning I rose very early to discover him. There was 
a fresh breeze from the south, which subsided about eight ^ 

o'clock. It tlien became quite calm, when I again saw the i 

animal about a mile to the northward of my house. He did « 

not display so great a length as the night before, perhaps 1 

hot more than twenty or thirty feet^ He often disappeared, 
and was gone five or ten minutes underwater. I thought he 
was diving or fishing for his food. He remained in nearly 
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the same sitnation, and thus employed for two hours. I 
then saw him moving^ off, in a north-east direction, towards 
the light-honse. His quickest motion was very rapid : I 
shonld suppose at the rate of fifteen or twenty miles an 
liour. Mackerel, manhaden, herring, and other bait fish, 
abound in the Cove wliere the animal was seen. 

ItBtier to Judge Davis ^ President of the LintUBan 
Society, stating former Appearances of the same 
Serpent. 

Dear Sir, Bath, September 17, 1 817. 

244. I make no apology for communicating to you tht» 
following' statements, in reference to the sea serpent of our 
coasts. 

They consist of extracts from some MS. notes on the 
District of Maine, which I have been in the habit of making 
ever since I have resided in the country. 

"June 28th, 1809.— The Rev. Mr. Abraham Curomings," 
who has navigated his own boat among the islands, &c. in- 
forms me, " that in Penobscot Bay, has been occasionally 
seeii, within these thirty 3'ears, ^ sea serpent, supposed to be 
about sixty feet in length, and of the size of a sloop*s mast. 
He saw him in company with his wife and daughter, and a 
young lady of Belfast, Martha Spring ; and judged he was 
about three times the leng^li of his boat,, which is twenty- 
three feet. When he was seen this time, he appeared not 
to notice the boat, though he was distant as nearly as could 
be ascertained, but about fifteen rods. / Mr. Cummings ob- 
serves, that the British saw him in their expedition to Baga- 
duse ; that the inhabitants of Fox and Long Islands have 
seen such an animal; and that a Mr. Crocket saw two of 
them together, about twenty-two years since. "Vf hen he was 
seen by the inhabitants of Fox Island, two persons were to- 
getlier at both times. People also of Mount Desert have 
seen him. One of those which were seen by Mr. Crocket, 
was smaller than that seen by Mr. Cummings; and their 
raolion in the sea appeared to be a perpendicular winding, 
and not horizontal. The British supposed the length of that 
which they saw, to be three hundred feet, but this Mr. Cum- 
mings imagines to be an exaggeration. The Rev. Alden 
Bradford, /of Wiscasset, now secretary of the common* 
wealth, inquired of Mr. Cummings, whether the appearance 
might not be produced by a number of porpoises following 
each other in a train; but Mr. Cummings asserts, that the 
animal held his head out of water about five feet, till he got 
out to sea ; for, when seen, he was going out of the Bay, and 



230 Natural Phenomena. 

Mr. Cammiiigs was ascending it* The colour was a biaisfr 
f^een about the head and neck, biit the water rippled so 
much over his body that it was not possible to determine its 
tint. The shape of the head was like that of a common 
. snake, flattened, and about the size of a pail. He was then 
seen approaching, passing, and departing. The weather was 
calm, and it was the month of August ; in which month it is 
said the serpent makes his appearance on the coast.'' 

'' August 23, 1809.— Mr. Charles Shaw, (then of Bath, now 
an attorney at Boston) informed me, that a Captain Lillis, 
with whom he had' sailed, told him that he had seen off the 
coast a very singular fish, which was about forty feet long. 
It held its head erect, had no mane, and looked like an or- 
dinary serpent. 

About two years after hearing this, while on a journey to 
India Old Town, I had an opportunity to make further in^ 
quiry, and find in my journal the following entry : 

"September 10,1811. — A Mr. Staples of Prospect, was 
told by a Mr. Miller, of one of the islands of the bay, that he 
had seen the great sea serpent, and ' it was as big as a. 
sloop's boom, and about sixty or seventy feet long.' Mr. 
Staples told me also, that about 1780, as a schooner was lying 
at the mouth of the river, or in the bay, one of these enor- 
mous creatures leaped over it between the masts; that the^ 
men ran into the hold for fright, and that the weight of the 
serpent sank the vessel ^ one streak,' or plank. The schooner 
was about eighteen tons. 

About four weeks after the foregoing depositions had been 
received, a serpent of remarkable appearance was brought 
from Gloucester to Boston, and exhibited as the progeny of 
tiie great serpent. It had been killed upon the sea-shore by 
some labouring people of Cape Ann. Captain Beach, jnn.. 
the possessor, very liberally submitted it to examination, and 
permitted an opening to be made in the side for 'the inspect 
tion of its internal structure. 
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CHAPTER X. 

ASTRONOMICAL SCIBNCB. 
SECTION I. 

THB SOLAR SYSTEM. 

245. This science derives its name from a^np 
STAR, and voiAos, LAW or RULE. And it is divided 
into two parts. The first treats of the motions, mag- 
nitudes, and periods of the revelation of the heavenly 
bodies : the second investigates the causes and laws 
by which those motions are regulated, llie former 
is called Pure or Plain Astronomy ; the latter 
Physical Astronomy. 

The heavenly bodies which we shall chiefly notice, 
are the sun, the planets, comets, and stars. The 
phenomena of the celestial world will form a sepa« 
rate article, of which we shall afterwards treat. 

246. The Sun, the source of light and heat, is 
by far the most considerable object that we behold 
suspended in space by the power of the Almighty 
Creator of the universe. And this splendid globe 
governs all the planetary motions, in as much as it 
is poised in or near the common centre of gravity, 
around which all the planets of the solar system are 
annually whirled. 

lilus. The sun is 337,086 times ^eater than the earth ; it 
is surrounded by an atmosphere ; it is sometimes covered' 
with spots, and some of these spots have been observed fet^r 
or five times as large as the earth. The observation of these 
spots shews that the son moves in its axis, and 25} days 
is the duration of its entire sidereal rotatioil. The sun and 
planets seem to have a motion towards the constellation of 
Hercules. 

Obs, When we consider the sun as the fountain of light,, 
that illuminates the world, and causes our earth to produce. 
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every thing desirable for man, may we not consider it alsa 
as an eminent, large, and lucid planet, evidently the primary 
one of our system ; Mercury, Venus, the Earth, and all the 
others being its secondaries ? And considering its solidity, 
its atmosphere and diTersified surface, its rotation on its axis, 
and all the circumstances attending this glorious globe, may 
we not conclude that it is inhabited, like the other planets, 
by beings whose organs are adapted to the physical proper* 
ties of the snn. This seems to be a more pleasing and agree- 
able way of making the tour of creation, than joining issue 
with fanciful poets, who have pronounced it the abode of 
blessed spirits ; or closing with the chilling doctrines of an- 
gry moralists, who have fancied it the fittest residence for the 
punishment or purgation of the wicked from off the earth. 



SECTION II. 

THE PLANETS. 

247. There are eleven planets belonging to our 
system. Six of these have been recognised from 
time immemorial : namely. Mercury, Venus, the 
Earthy Mars, Jupiter, and Saturn. But the re-^^ 
maining five, invisible to the naked eye, have lately 
been discovered by the help of the telescope ; and 
are therefore called telescopic planets : namely^ 

Uranus, discovered by Dr. Herschel, Marbh 13, 1781. 

Ceres ...• M. Piazzi, ... January 1, 1801. 

Pallas, M. Gibers, . . March 28, 1802. 

Juno, .^^ «•.«... M. Harding, Septem. 1 , 1 803. 

Vesta, M. Olbers,... March 29, 1807. 

348. All these planets revolve round the sun, as 
the centre of motion : and in performing their revo* 
lutions 'they follow the laws of planetary motion 
discovered by Kepler ; and confirmed by subsequent 
observations. These laws are, 

249. The orbit of each planet is an ellipse; of 
which the sun occupies one of the foci. 

That focus is called the lower focus. If we suppose the 
plane of the earth's orbit, which passes through the centre of 
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f^e lun, to be extended in cveij directioD, u for as the fixed 
■tan, it will mark ont n great circle among them, which is 
the actiptU; Mid with this tbc sitaatious of the orbits of all 
the otber planets are compared. 

The planea or the orbit* or a|] the other planets iniiat ne- 
cesiarily pass through the centre of ihe ann, but if extended 
as far as the fixed stars, they form ciicles iliflerent from each 
other, M also from the ecliptic ; one part of each orbit, is on 
the north, and tbc other on 
the soath aide of tb? ecliptic. 
Therefore the orbit of each pla- i 
net cuts the ecliptic in two op- | 
poBilepoiafs, asA,B, whichare 
called the tuida of that parti- 
calar planet; and the nodes of 
one planet cat the ecliptic in 
planes different from the nodes 
of another planet. 

The line A B is called the lint ofiht noJu, 

The (ueeiuhng node is that where the planet passe* from the 
south to the north side of Ihe ecliptic. The angle e is the 
inclination of the planes of the two orbits to each other. 

The dttetmUng imk that where the planet passes from ibe 
north to the south side of the ecliptic. 

Perigee, when the sun and moon are nearest the earth : 
mp^ee, when at their greatest distanoe. 

The extremity of tbe m^jor axis of this eiypse, nearest Ihe 
Mn, is called the perihelion; tbe opposite extremity of the 
same axis is call the aphelion. The line, which joins these 
two points, is called the line of tiie apsides. The radius tcc- 
tor b an imaginary line drawn from the centre of Ihe snn to 
tbe centre of the planet, in any part of its orbit. 

Tbe velocity of a planet in id orbit ia always greateit at 
ill perihelion. Thia velocity diminishes as the radios vector 
increases ; till tbe planet arrives at its aphelion, when its mo- 
tion Is the slowest. It then increaaes in on inverse manner, 
till the plant arrives again at its perihelion. 

350. The areas, described about the snn by the 
radius vector of the planet, are prpportional to the 
times employed in describing them. 

These lawa are anfficient for determining the motion of the 
planets ronnd tlie ann ; bnt it ia necessary tu know, for each 
of theie planeta, seven tjoantities ; which are called the ele- 
ments of their elliplicat motion. The first five of these ele- 
ments relate to the motion in tin ellipse ; tiie last two feiWv 
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to the position of the orbit ; since the planets do not all move 
in the same plane. 

1. The duration of a sidereal revolution of the planet. 

2. Half the major axis of the orbit; or the mean distance 
of the planet from the sun. 

3. llie eccentricity of the orbit ; whence we deduce the 
greatest equation of the centre. 

4. The mean longitude of the planet at a iriven epoch* 




251. The following tables from La Place's Exposi" 
tion, present all these elements for the first moment 
of the present eentary ; that is to say, for that point 
of time at midnight which separated the 31st of 
December 1800, and the 1st of January 1801 ; mean 
time at Paris.— [The observatory at Paris is in north 
latitude 48'' SO' 14", and in longitude 9' 21'' east from 
Greenwich observatory .J 



1. Duration of a Sidereal Revolution, 

Days. 

Mercury ..;.... .87*92926804 Ceres • • 

Venus 224*70082309 Pallas . 

Earth 366-2d6383d0 Jupiter 

Mars 686-97961860 Saturn 

Vesta 1336-20500000 Uranus 

Juno 1690-99800000 



Diy». . 
.1681*63900000 
..1681*70900000 
.4332*69630760 
107689698400Q 
30688*71268720 



2. Mean Distance from the Sun. 



Mercury •3870381 

Venus *7233323 

Earth ..«^ • .^ ...^ ... 1 *00000'00 

Mars 1*6236936 

Vesta ......2*3730000 

Juno ...«^ 2-6671630 



Ceres 2*7674060 

Pallas .2*7676920 

Jupiter .6*2027914 

Saturn « 9*6387706 

Uranus a9*183d060 



8. Ratio of the Eccentricity to half the Mc^r 

Axis. 



Mercury -20561494 

Venus -00685298 

Earth -01686318 

Mars -09322000 

Vesta -09322000 

Juno -26404400 



Ceres •07834860 

Pallas -24588400 

Jupiter -04817840 

Saturn 05616680 

Uranus -04667030 
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4. Mean Longitude^ January 1» 1801. 



Mercury 182^ 16647 

Venus 11093672 

Earth 11P28179 

Mars 71** 24145 

Vesta ......... .297^12990 

Juno .3220 79380 



Diys. 

Ceres 294o 16820 

Palias ►.^ 2800 68580 

Jupiter 1240 67781 

Saturn— ♦^•...160«> 38010 
Uratous.- 197« 64244 



5. Mean Longitude of the Perihelion* 



Mercury •82«6266 

Venus 142*»9077 

Earth 110O6571 

Mars 369<>3407 

Vesta. 277^4630 

Juno ^.69^2349 



Ceres... 16^*9666 

Pallas 134^7040 

Jupiter ...12«3812 

Saturn 990 0549 

Uranus 185«9574 



6. Longitude of the ascending Node. 



Mercury • . .5lo 0651 

Venus .83° 1972 

Earth O^'OOOO 

Mars 53^3606 

Vesta 1140 4630 

Juno 190<'1228 



Ceres 89© 9083 

Pallas. ....••^ 1910 7148 

Jupiter 109<> 3624 

Saturn 124° 3662 

Uranus 80O9488 



7. Inclination of the Orbit to the Ecliptic, 



Ceres. ..^^ ll* 80680 

Pallas ...^. . . .... 380 46540 

Jupiter .^^ 1° 46034 

Saturn 2® 77102 

Uranus 0** 84990 



Mercury 7°78068 

Venus ..30 76936 

Earth Oo 00000 

Mars 2^06663 

Vesta 7094010 

Juno 140 50860 

The. examination of the first two tables wilt shew us that 
the duration of the reTolutions of the planets increases with 
their mean distance from the sun. Whence Kepler disco- 
▼ered his third fundamental law ; namely, 

252. The squares of the times of the revelations 
of the planets are to each other as the cubes of their 
mean distances. 
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Obs, The ellipses, inrliich the planets describe, however, are 
not unalterable. Their major axes appear to bo alwa>s the 
same ; but their eccentricities, the positions of their perihe- 
lion and nodes, together with tlie inclination of their orbits 
to the ecliptic, seem to vary in a coarse of years. 

Mercury g . 

253. Mercury, the planet nearest the. sun, is yet 
thirty-six millions of miles distant from that lumi- 
nary ; and the proportion of light and heat which 
it receives from the Sun is about 6"68 times greater 
than on the earth. Its diameter is 3123 miles. 

This planet performs his sidereal revolution * in 87^ 23^ Id' 
43",9 ; and his meaii synodical f revolution is about 116 days. 

Tiie rotation of this planet on its axis is performed in l^ 
0»'5'28",3. 

And the elongation or angular distance of this planet 
from the sun varies from 16® 12', to 28® 48'. 

Mercury changes his phases like the moonj, according 
to his various positions with regard to the earth and sun ; 
but this appearance is seen only with a telescope, 

•^— *— ^-*— r - — 1— iii^rmn _ _ . l j i i ' — ' — " ■ ■ — - , 

* Tlie sidereal revolution of a planet is the time that pla- 
net takes in passing from any fixed star, till its return to that 
star again. 

t The synodic revolution of a planet is the time between 
two conjunctions, or two oppositions of the same planet and 
the son. 

I leases denote the various appearances of the moon at 
difffsrent ages, being at one time crescent, then a semicircle, 
then gibbons, and lastly, fnll : after which the same phases 
return again in the same order. 

When therefore it is said M^rcurv and Venus change phases 
like the moon ; tliepieaning is that they are sometimes crescent, 
jthen a semicirole, then gibbons. Mars partakes of these 
phases Ifi some measure, being at times gibbous. 

The same must iilso have plfMie in a less degree with tb^ 
other superior planets. 

The same term is also used \q clenote thi^ Sun or Moon 
V)ien eclipsed. 
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Venus, J. 

254. Vbnus, the next planet above Mercary, is 
eompated to be sixty-eight million^ of miles from 
the sun, and by moving at the rate of seventy-six 
thousand miles an hour^ she completes her annual 
revolution in 224 days and 16 hours, 49^ 11^' and a 
half, and her synodical revolution is about 548 days. 
Her diameter is seven thousand seven hundred 
miles, or nearly the size of our earth, and her diurnal 
rotation on h^ axis, is performed in 23 hours 21 
minutes and T\ 

Yenas is often seen by the unassisted eye in broad day« 
light. The proportion of light and heat recdived by this planet 
from the sun is 1*91 times greater than the earth. And it is 
^surrounded with an atmosphere the refractive powei;;s of 
which differ very little from ours. 

Like Mercury, it sometimes passes over the sun's face, and 
its transit has been applied to one of the most important 
problems in astronomy, as by it the tme distances of the 
planets from the sun have been determined. These transits 
take place in the months of Jane and December. The 1st 
will be on the 8th December 1874. 

•When Venus is to the west of the sun, it rises before the 
Ban, and is called a morning star; thb appearance continues 
aboat290 days together; when this planet is to the east of 
the sun, it sets after the sun, and is called an evening star 
for about the same period of 290 days. Yenas appears the 
brightest of the planets : it has a considerable atmosphere, 
and some astronomers assert that they have discovered moun- 
tains on its surface. 

The Earth, ®. 

2*>5. The Earth which we inhabit is the planet 
next in order; hence we say Mercury and Venus 
are inferior ; but all the planets which are further 
from the sun than the earth is, are superior planets. 
The earth is 93 millions of miles from the sun ; it 
performs its sidereal revolution in 365'^ 6** 9' 11" 5 ; 
and it passes from the one tropic, to the same again 
is only 366^ 5^ 48' 61" 6. 

The axis of the earth is inclined to the plane of the ecliptic 
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in an angle of 28^ iifSf* 67" fi; bat this angle decreases at the 
rate of dO^^l in a century. Yet this variation of the angle is 
confined within certain limits ; and cannot exceed 2^ 4^, 

The annual intersection of the equator with the ecliptic is 
not always in the same point : butis retrograde, or contrary 
to the order of the signs. Consequently the equinoxiat points 
appear to move forward to the ecliptic; thence this 
phenomenon is called the precession of the eqinoxes. The 
quantity of this annual change is 50%] ; or 1^ 23^30'' in a 
century. A complete revolution is performed in 25868 years. 

Hie sidereal day, or the time employed by the earth in 
revolving on its axis, is always the same. Its diurnal ro- 
tation has not varied the hundredth part of a second, since 
the time of Hipparchus. If the mean astronomical, or civil, 
day be taken equal to 24 hours, the duration of the sidereal 
day wiU be 23^66^4^1 

The astronomical, or civil, day is constantly changing. 
This variation arises from two cadses; 1. The unequal 
motion of the earth in its orbit ; 2. The obliquity of that orbit 
to the plane of the equator. 

Obs, The mean and apparent solar days are never equal, 
except when the sun's daily motion in right ascension is dSf 
S'\ This is the case about April 16th, June 16tb, September 
1st, and December 25th: on these days the difference 
vanishes, or nearly so. It is at its^ greatest about November 
1st, when it is 16' lO''. 

The astronomical year is divided into four parts, which are 
determined by the two equinoxes and the two solstices. The 
interval between the vernal and autumnal equinoxes is (on 
account of the eccentricity of the earth's orbit, and its 
unequal velocity therein) near eight days longer than the 
interval between the autumnal and vernal equinoxes. These 
intervals are^ at present, nearly as follows: 

d. h, fn. 

^';!!l™!,'t'?.°tf.^''"^'"' *" *^ J • -92 21 4&) d. h. m. 
summer solstice •••••••■«•••• ) f .g. ^ aq 

From the summer solstice to the > ftaiaasi **»«»'*^ 

autumnal equinox ^ •• o o ooy 

From the autumnal equinox to i qq ig 47") 

the winter solstice .. i^ ) •' ( — 17s is 29 

From the winter solstice to the > q^. 1 >io 1 ''^ *° *^ 

spring equinox T '^ ^) 

7 V6 51 

Light takes 8' 13^,3 to come from the sun to the earth. Bat 
in this interval the earth has moved 20'',2 in its orbit This 
motion of the earth produces an optical illusion in the light 
which comes irom the stars; and which Bradley calls the 
aberKition of light . 
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The figure of the earth is that of an oblate spheroid; the 
axis of the poles being to the diameter of the equator as 331 
to ^2. The mean diameter of the earth is aboat 7916 miles ; 
its equatorial dijimeter is 7d24 miles. 

As a necessary consequence from this circumstance, the 
degrees of latitude increase in length as we recede from the 
equator to the poles. But different meridians, under the 
same latitude, present different results. The general fact, 
however^ is well ascertained. 

The centrifugal force is greater at the equator than at the 
poles ^ in consequence of which bodies lose part of their 
weight by being taken towards the equator. If the gravity 
of a body at the equator be represented by unity, its gravity 
at the poles will be increased by '00669. A pendulnm, 
therefore, which vibrates seconds in the higher latitude's, 
must be shortened at the equator in order to render the 
osciliations^ isochronous. 

Obs, A pendulum 39-197 inches long will svnng seconds at 
the poles ; but, in order that it may swing seconds at the 
equator it must be reduced to 39*027 inches. 

The centrifugal force at the equator is nearly ^th of gravity. 
If the rotation of the earth were 17 times more rapid, the 
centritiigal force woyld be equal to that of gravity, and 
bodies at the equator would not have any weight. 

The earth is surrounded by a rare elastic and heterogeneous 
fluid called the atmosphere ; and out of 100 parts, 97 are 
azotic gas and 21 oxygen gas. But of this we shall treat 
hereafter. 

Mars, i . 

256. Mars first above the earth's orbit is easily 
known by his red and fiery appearance. He performs 
his sidereal revolution in 686^ 23'* aC 39" or in 1,881 
Julian years ; and his mean synodical revolution is 
aboat 780 days or in about 2,135 years. 

His mean distance from the sun is above 142 millions of 
miles. 

The rotation on his axis is performed in I** »» 39' 2i'',3 ; 
and his mean diameter is 4398 miles or rather more than one 
half the size of our earth. 

This planet has a very dense but moderate atmosphere, and 
he is not attended by any satellite. And the proportion of 
light and heat received by him fi'om the sun is *43, that 
received by the earth being considered as unity. 

Mars changes his phases, in the same manner as the moon 
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does from her first to her third quarter, according to his 
various positions with respect to the earth and suu. 

Jupiter, %. 

257. Jupiter is, next to Venus, the most brilliant 
of all the planets, whom he sometimes however snr* 
passes in brightness. He performs his sidereal 
revolution in 4332d 14^ 18' 41^0 ; or in 11-862 Julian 
years. But this period is subject to some inequali- 
ties. He performs his mean synodical revolution 
in about 399 days. 

His mean distance from the sun is above 485 millions of 
miles. 

The rotation on his axis is performed in d^ 55' 4d'',7 : and 
iiis axis forms an angle of 86° 54' 3(^,0 with the plane of the 
ecliptic. 

His mean diameter is eqaai to 91522 miles: consequently 
he is abont 11| times as lai^eas oar earth The axis of his 
poles is to his equatorial diameter as *9287to I, or as Id to 14. 

The proportion of light and heat, received from the sun, is 
*037 : that received by the earth being considered as unity. 

He is surrounded by faint substances called zones t>r 
belts ; which are supposed to be parts of his atmosphere. 
And he is accompanied by four satellites. 

A body, which weighs one pound at the equatorial snrfkce 
of the earth, would, if removed to the surface of Jupiter, 
weigh 2*281 pounds. 

As seen from the earth, the motion of Jupiter appears 
sometimes to be retrograde. The mean arc which he 
describes in this case is about 9^ 54' : and its mean duration 
is about 121 days. This retrogr,adation commences, or 
finishes, when the planet is not more distant than 115^ 12* 
from the sun. 

His mean apparent equatorial diameter is 38",2: it is 
greatest when in opposition, at which time it is equal to 
4r,6. 

Saturn, If?. 

258. Satam performs his sidereal revolution in 
10758 23^ 16* 34",2 ; or in 29456 Julian years. 
But this period is subject to some inequalities. His 
mean synodical revolution is performed in about 378 
days. 
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His mean distance from tbe soa is above 890 miltions of 
miles. 

The rotation on his axis is performed in l(fi^ W 19^2 : and 
the axis is inclined In an angle of 58^ 41' to the plane of the 
ecliptic. 

His mean diameter is 76008 miles: conse<jaentIy he is 
nearly ten times as large as our earth. The axis of \us poles 
is to his eqaatorial diameter as 1 1 to 12. 

The proportion of light and heat received from 
the sun is *0011 ; that received by the earth being 
considered as unity. 

Saturn is sometimes marked by zones or belts ; 
which are probably obscurations in his atmosphere. 
And he is accompanied by seven satellites. 

The most singular phenomenon, however, attend- 
ing this planet, is the double ring with 'which he is 
surrounded. 

This ring, which is veiv thin and broad, is inclined to the 
plane of the ecliptic in an angle of 31^ 19' 13 ",0 ; and revolves 
from west to east, in a period of 10^ 29' 10'',8, about an axis 
perpendicular to its plane and passing through the centre of 
the planet. 

The breadth of the ring is nearly equal to its distance from 
the surface of Saturn : that is about | of the diameter of the* 
planet 

The surface of the ring is separated in the middle by a 
black concentric band, which divides it into two distinct 
rings. 

The edge of this ring, being very thin, sometimes dis- 
appears; and, as this edge will present itself to the sun twice 
in each revolntion of the planet, it is obvious that the disappear- 
ance of the ring will occur about once in 15 years ; but under 
circumstances oftentimes very different. 

The intersection of the ring and the ecliptic is in 5* 20^ and 
ll* 20°; consequently, when Saturn is in either of those 
signs, his ring will be invisible to us. On the contrary, 
when he is in 2* 20° or 8* 20°, we may see it to most advan- 
tage. This was tiie case towiurds the end of the year 161 1 • 

Uranus* 

259. Uranus was discovered by Dr. Herschel, 
March 13, 1781, who gave itthenameof the Georgium 
Sidus. It performs its sidereal revolution in 

VOL. I. M 
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80666^ 97'' 6^ W,2; dr, in al^ont 84^iiIi«B ywrs : 
.and it is probably situated at tbe confines of the 
.planetary system. 

Its distance from the snn is upwards of 1800 mil- 
iioois 6f miles : mnd its apparent diameter is scarcely 

Six satellites accompany this planet; which 
•moTe in orbits nearly perpendicular to the plane of 
the elliptic. 

Vesta. 

260« Tbe aext planet in our system is Vesta, for 
the knowledge of which we ttre indebted to I^. 
Olbecs t>f Bretm^i, being first discovered by him 
March 29th» 1^07. Its distance from the sun is 
about 223 millions of miles^and its annual revolur* 
tion i^ its orbit is performed in 3 years 71 months. 
But neither has its diameter, nor the duration of 
its diurnal 'rotation, been yet ascertained. 

Juno If. 

261. Juno; tibe next in order, is another new 
planet ; discovered by Mr. Harding, at the obser- 
vatory at Lilienthol, near Bremen, Sept 1st, 1804. 
The mean distance of this planet from the sun is 
estimated at two hundred and fifty-three millions of 
miles^ and its annual revolution is performed in 4 
years, 4 montiis, and 6 days ; but its diameter, and 
the time of its revolving on its axis are unknown. 

Pallas $, 

262. The next superior planet above Juno, is 
Pallas, which was first observed by Dr. Olbers, 
March 6th, 1812 : the mean distance of which, firom 
the sun, is reckoned to be about two hundred and 
sixty-three millions of miles, and its revolution in 
its orbit is made in about 4 years, 7 months, and 10 
days; but like the two former, its diameter and di- 
urnal rotation have not as yet been ascertained. 
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363. Ceres is the next higher planet, in oar sys- 
tem; which was first discovered by Piazzi, of Pa- 
letmo, Jan. 1st, 1801. Its mean distance is nearly 
the same as that of Pallas, and consequently its 
annual revolution is performed in nearly the same 
time. 
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SECTION III. 

SATELLITES. 

264. I^HE number of satellites in otir system, at 
present known, is eighteen: namely, the Moon 
which revolves round the earth ; four which belong 
to Jupiter, seven to Saturn, and six to Uranus. 
Tbe moon is the only one visible to liie naked eye. 

They all move round their primary planets; as 
their centre, by the same laws as those primary 
ones move round the sua : namely, 

I. Tbe orbit of eacli satellite is an dlipse, of 
which the primary planet occapies one of the foci. 

II. The areas, described about the primary pla- 
net, by the radius vector of the satellite, are pro- 
portional to the times employed in describing them. 

III. The squares of the times of the revolutions 
of the satellites, round their respective primary pla- 
nets are to each other as the cubes of their mean 
distances from the primary. 

Moon. 

265. The motions of the moon are exeeed- 
ingly eccentric and irregular. She performs her 
mean sidereal revolution in 27* 7** 43' ll",5. But 
this period is variable: and a comparison of the 
modern observations with the ancient proves inooni 

M 2 
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testably an acceleration in her mean motion. Her 
mean tropical revolution is 27^ 7^ 43' 4P,7 ; and her 
mean sjnodical revolution is 29^ 12*> 44' ^fi. 

Her mean distance from the earth is 29.982175 
times the diameter of the terrestrial equator; or 
above 237000 miles. 

Her orbit is inclined to the plane of th^ ecliptic in an angle 
of 5^ 9' ; but this inclination is Tariable. The greatest ine- 
quality, which sometimes extend to "^ 47^^ I, is proportional 
to the co-sine of the angle on which the inequality of the 
nodes depends. 

Her orbit, at the commencement of the present centoiy, 
crossed the ecliptic in 0* 15^ 55' 2(>'',3 ; but the place of her 
nodes is variable. They have a retrogade motion, and make 
a sidereal reyolution in about 18*6 Julian years. A synodical 
revolution of the nodes is performed in 346^ 14^52'43",6. 
The motion of the nodes is subject also to a secular inequa- 
lity, dependent on the acceleration of the moon's mean mo- 
tion. 

The rotation of the moon on her axis is equal and uniform ; 
and it is performed in the same time as the tropical revolu- 
tion in her orbit, whence she always presents nearly the 
same face to the earth. But, as the motion of the moon in 
her orbit, is periodically variable, we sometimes see more 
of her eastern edge, and sometimes more of her western edge. 
This appearance is called the libration of the moon in longi- 
tude. 

The axis of the moon is inclined to the plane of the eclip- 
tic in an angle of 88^ 29' 49^. In consequence of this posi- 
tion of the moon, her poles alternately become visible to, 
and obscured from us : and this phenomenon is called her 
libration in latitude. 

There Is also another optical deception arising from the 
moon being seen from the Surface of the earth, instead 
of the centre. This appearance is called her diurnal libra- 
tion. 

The figure of the moon is that of an oblate spheroid like 
the earth. Her mean diameter is in the proportion to that 
of the earth, as 5823 to 21332; or as 1 to 3*665. Whence 
her mean diameter will be about 2160 miles. But the appa- 
rent diameter of the moon varies according to her distance 
from the earth. When nearest to us it is 33' 3l'',1 ; and at 
her greatest distance it is ^ 21'',5. Hence her mean appa- 
rent diameter is 31' 26''^. 

The phases of the moon are caused by the reflection of 
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tite son's Kgbt; and depend on the relative positions of the 
Bntif the earth, and the moon. 

An eclipse of the moon can take place only at the time of 
her opposition to the sun ; and is caused by her passing 
through the Shadow of the earth. That shadow is 3^ times 
longer than the distance between the moon and the earth : 
and ite breadth, where it is traversed by the moon, is about 
^ times greater than the diameter of the moon. The breadth 
of the earth's shadow, where it is traversed by the moon, is 
equal to the difference between the semi-diameter of the san, 
and the sum of tilie horizontal parallaxes of the sun and moon. ' 

The moon cannot be eclipsed, however, if her distance 
from the place of her node, at the time of her opposition, 
exceeds \dP 21' ; but if it is within 7^ 47, there will certainly 
be an eclipse. The duration of the eiDlipse will depend on 
the apparent (tiameter of the moon, and on the breadth of 
the shadow at the point where she traverses it. 

The sun cannot be eclipsed unless the moon be in con'> 
junction ; and then only when the centres of the sun and 
moon are in the same straight line with the eye of the spec- 
tator on the earth, in such case, if the apparent diameter of 
the moon be greater than that of the sun, the eclipse will be 
total ; but, if it be less, it will be annular. Partial eclipses, 
however, may arise; as in the case of lunar eclipse. 

The sun cannot be totally obscured for a longer period 
of time than four minutes ; but the moon may be hid from 
our view for a much longer period. 

' The number of eclipses in a year cannot be less than two, 
nor more than seven. 

Eclipses generally retarn in the same order and magnitude 
at the end of 223 lunations. 

The atmosphere of the moon, if it has any, must be more 
rare than that which we can produce with our best air- 
pumps. 

The light of the moon is 300000 times more weak than 
that of the sun. Its rays, collected by the aid of powerful 
glasses, do not produce any sensible effect on Che thermome- 
ter. 

The refraction of the rays of light, at the surfoce of our* 
earth, must be at least 1000 times greater than the surface 
ef the moon. 

Volcanoes and mountains are discovered on her surface, 
by the aid of the telescope. 

A body projected from the surface of the moon, with a 
momentum that would cause it to proceed at the rate of 
about 8200 feet in the first second of time, and whose direct 
iion should be in a line which at that moment passed through 
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ihe eentre of the earth and moon, would not faU agaiir td 
the surface of the moon, but would become a satdiltte to the 
earth. Its piiiaitiye impulse might, iikleed, be such as to 
cajise it even to precipitate to the earth. The stones, whieh 
have fallen from the air, may be accounted fcur in this mann^. 

• Satellites of Jupiter. 

2G6. By the aid of the telescope we may discover 
four satellites revolving round Jupiter* The side- 
real revolutions of these bodies are given in the foU 
lowing table: together with their mean, distances 
from Jupiter^ the semi-diameter of that planet's 
equator being considered as unity; and likewise 
their masses, compared with Jupitec considered 
also as unity. 



SatelHte. 


Sideretl ReYoIntion. 


Meta 

Distauce. 


M88f. 


I. 
' n. 

IK. 

IV. 


Id 18h «T' 33",5 

S ]3 la 46 ,0 

7 3 42 3S ,4 

16 1ft 31 4y ,7 


Id 769137788148 

3 4(51181017849 

7 15455S783970 

16 688769T07084 


5*812964 

9S46679 

14-752401 

25'946860 


•0000173S81 
'00OOS32SS6 

*O0O0e84978 
•0000426991 



The satellites of Jupiter ^s% liable to be eclipsed by pass- 
ing through his shadow ; and on the other haodi they are 
frequently seen to pass over his disk, aiyi eclipse a por* 
tion of lus surface. This happens to the first and second 
satellite, at every revolution ; the third veiy rarely esci^pMsa 
in each revolution ; bat the fourth (on account ef its great dis- 
tance and inclination) is seldom obscured. 

These eclipses are of great utility in enabling us to d^ep* 
mine the longitude of [daces^ by their observation; and they 
likewise exluhit some curious phasnomena with respect to 
light. 

From the singular analogy, above alluded to, it follows 
that (for a great number of years at least) the. first three sa- 
telUties cannot be eclipsed at the same time : for in the si- 
multaneous eclipses of the second and third, the first will 
always be in conjunction with Jnpiter, and vUe vwth. 

Satellites of Saturn. 

2&7. Seven satellites may be seen by means of the 
telescope, to revolve about Saturn; the elements 
of which are but little known, on account of their 
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great distance. The following table will show the 
duration of their sidereal revolutions, and their 
mean distances in semi-diaitteters of Saturn. 



Sutellite. 


SMefcti Revoliiioiih 


Mesa 

DisUikce. 


I. 


0«l2a?» ^ 30" ,1 


^94^1 


3108^1 


u. 


I 8 5{i 8 ,7 


1 37024 


3:9^2. 


IIL 


1 21 18 25 ,9 


1 88780 


4-89$; 


TV. 


2 17 44 51 ,1 


2 r3948 


6-268 


V. 


4 12 26 11 ,1 


4 6174» 


*8-?6* 


VI. 


16 22 41 13 ,9 


15 94630 


20r29d( 


vn. 


79 7 64 37 ,4 


79 32960 


59.-164 



Oht* The orbijt o£ the first sik sjitelUtes apfteac to be in the 
plane of Saturn's ring : whilst the seventh varies ftoi^ it very 
sensibly. 

Satellites, i^ tArainius* 

268. Sis Satellities revolv-e rx>und Uranos; whiofat 
together with their primary, can be disooyoned 
only by the telescope. The following tabte will 
shew their sidereal re?olations^ ami mean distances 
in semi-diam^iers of the prinacy* 



SMIit*. 


Sidereal R«td1i«,Up9., 


' Mean 


I. 

II. 
III. 
IV. 

V. 
VI. 


64 2lk 25! 20^,6 

8. 16 57 42 A 

H> 23 3 »A 

13 10 66 29,8 

38 1 48 0,0 

10? 16 39 66 ,2 


5^8926 

$.7068 

10 961 1 

U4659 

, 38 0760 


13-120 
. 17022 
19:846 
22-752 
45-507 
91*008 



Ohs. All these satellites move is a plane whieb is nearly 
perpendicular to the plane of the plianet's orbil^ aad contrary 
to die order of the signs ! 
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SECTION VI. 

OP*COHETS. 

269. CoMBTS are certain dark or opaque bodies, 
like the planets^ and move roand the sun, but in very 
eccentric orbits^ being sometimes so far from him, 
that their cold must be excessive, and' sometimes so 
near him that their heat must be so intense, as would 
prove altogether intolerable to an inhabitant of this 
earth ; and would even destroy, or at least vitrify, 
the earth itself. 

Sir Isaac Newton computed the heat of the comet that 
appeared in the year 1680, when nearest the sun> to be two 
thousand times hotter than red hot iron, and that, being tiius 
heated, it must retain its heat till it comes round again, aK 
though its period should be more than twenty thousand 
years ; it is computed to be only five hundred and seventy- 
five. 

It is believed that there are at least twenty-one comets 
belonging to our system, moving in different directions. All 
those which have been observed, have moved through the 
etherial regions and the orbits of the planets, without suffer- 
ing the least sensible resistance in their motions, which suffi* 
ciently proves that Ihe planets do net move in solid orbits. 

Of all the comets, the periods of three only are known with 
any degree of certainty, being found to return at intervals of 
75, 129, and 575 years : and of these, that which appeared in 
1680 is the most remarkable. 

« This comet, at its greatest distance, is about eleven 
thousand two hundred millions of miles from the sun, while 
its least distance from the centre of that luminary is about 
four hundred and ninety thousand miles. In that part of its 
orbit which is nearest the sun, it flies with the amazing 
velocity of eight hundred and eighty thousand miles in an 
hour; and the sun, as seen from it, appears one hundreijl 
degrees in breadth, and cons^nently K>rty thousand times 
as large as he appears to us. The tail of Uiis comet was at 
least an hundred millions of miles long ; and that of 1812 was 
thirty millions of mile» long. 

Our earth was out of the way when this comet last 
passed near her orbit; but it requires a more perfect notion 
of the motion of the comet to be able to judge if it will 
always pass by us with so little effect. The comet, in one 
part of its orbit, approaches very near to the orbit of oar 
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earth; ao that, in some revolutioB^ it may approach near 
enough to have very considerable if not fatal effects apon it* 

One of the comets was expected t<^retarn in 1789, but it^ 
has not yet appeared. 

Comets are always attended with long transparent trains 
or tails, issuing from that side of them which is turned away 
from the sun. 

Comets were formerly supposed to be prodigies or portents^ 
and to foretel some great event or revolution, such as the fail 
of empires, or the death of some eminent and distinguished 
personage ; but they are now known to have no more con« 
nection with the civil or political affairs of the worldi, than my 
other of the heavenly bodies. 

The comet of 1811-12. 

270. The chief particulars relating to this splendid 
comet may be i^rranged as follows. 

1. T^ planetary body in the head of a comet as seen with the 
naked eye, presents a luminous appearance not unlike a star ; 
but that within its densest light there was an extremely small 
bright point, entirely distinct from the soxrounding glare, and 
which b^ geometrical calculation was found to be from 42& 
miles to 120 thousand miles in diameter. 

2. The eccentricity y colour, and atmosphere of the planetary: 
hody. The bright point was not in the middle 'of the head,, 
but more or less eccenlric at different times-; and the colour 
of the planetary disk was of a pale, ruddy tint, like that of 
such equally small stars, as are inclined to red ; and Dr« 
Herschel infers tbat it was visible by rays emitted from its 
own body, yet that since the cential illumination,, which^ 
moderately magnified, was pretty uniform, became dilated 
into a gradual decrease from the middle towards the outside^ 
the comet was surrounded by a transparent and elastic kU 
mosphere. And this atmosphere was more than 507 thousand 
miles in diameter, 

3. The tail of 4he comet. The most brilliant phenomenon 
that accompanies a comet is the stream of light whioh we call 

' the tail. 

The greatest real length of the tail was 100 millions of 
miles, and the real breadth was 15 millions of miles. This 
tail had a curved shape or flexure, and in its general appear- 
ance it seemed, to be inclosed at the sides by two streams or 
branches arising from the sides of the head. And the tail 
of the comet bemg, on Nov. 9, very near the milky way, the 
appearance of the one compared to that of the other, inplacea 
where no stars could be seen in the milky way, was perfeotljf 
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alike. And that the tail is a hollow cone we may infer from 
the fact that the inside showed a comparative darkness, 
whereas had it been a cone of solid laminons matter, the 
brilliancy wonld have increased toward the centre, instead 
of diminishing. 



^»»'^i»^«»^^>»<^^>^^'^ 



SECTION V, 

OF THE FIXED I^TA^RS. 

271. The ^xed stars comprehend all the other 
heavenly bodies, except the sun, planets, and comets. 
They are distinguished by the naked eye from the 
planets, by being less bright and luminous, and by 
continually exhibiting that appearance which we call 
the twinkling of the stars. (^Obs. 4. p. 46.) This 
arises from their being so apparently small, that the 
interposition of the least body, of which there are 
many constantly floating in the air, deprives us of 
the sight of them. When the interposed body changes 
its place^ we again see the star ; and this succession 
being perpetual, occasions the. twinkling* 

But a more remarkable propei-ty of the fixed stars, and 
that from which they have obtained their name, is their never 
changing their situation, with regard to each other, as the 
planets change their situations. 

The stars which are nearest to us seem largest, and are 
therefore called of the first magnitude. Those of the second 
magnitude appear less ; and so proceeding on to the sixth mag^ 
nitnde, which includes all the fixed stars that are visible with- 
out a telescope. 

0/ the number affixed Stm's* 

273. As to their number, though in a clear winter's 
night, without moonshine, they seem to be innu- 
inerable, which is owing to their strcmg sparkling^ 
and our looking at them in a confused manner, yet 
when the whole firmament is diyided, as it has been 
done by the ancients, into signs and constellations, 
the number that can be seen at a time, by the naked 
eye, is not above a thousand. 



SiBce th« iutro49«9ti9n of tjN^op^ ^d«^,^ iJ^ tmmb^r of 
th9 fixed stars hus been ju$% co^4cre4 a^i9m?iuie.; Ben 
cause the greater perfection wc aipri^e at in, ou^ glasses, the 
the more stars i^ways appyear t^ us^ Mr^ Fla^istead, late 
royal astronqmer at Greenwich, hs^a gix^H us a catalogc^eo^ 
about three thousand stars. HaJley (£seryed tbre,e hundred 
and fi% jiKM*e i^ the wHlthctfn^ heiuVlphere, And Dr. Ilers- 
cbel thUiks he ha9 s^een stars 42,0da tinves as far off as Siriq/s, 
In one instance a dustar of five thousand stars, in a mass, 
were barely viuble in the forty-foot telescc^, and cruise* 
quently moat h^ye been eleveii^ trilUo^s q^ miles pfff 

"^^3.. The constellatioiis of the Zodiac, with their 

charactera : 

Spring^ Northern Signs* stars. 

<Y* Aries ••••••••• Ram •• •••••• 66 

b Tauma. ...%.. jBt^/;.«..*...Ui 

n G^Qini . •••»•• Twim ••<••* 8£i. 

Summer* Northern Signs. 

03 Cancer ••••••• Cra& • •••••# 88 

Si Leo • • • • Lion •••••••• 9& 

t$ Virgo Virgin • • • • • .110 

Autumn> Sauthern Signs. 

£b Lahra, ••%•'. •••Scales. •••••• &1 

ni Scorpio . • • • ^ • , Scorpion • • • • 44 

t , Sagittarius « • • •Archer •••««.• 69^ 

Winter. Southern Signs* 

Vf Capricorntts •• Goat •• »•.... 51* 

::: Aquarios* Water-bearer 108 

K Fmes...,^^. •Fishes ..103 

Total number of stars in the zodiac 1016 

Qhs, It is not easy to say why the ancient astronomers: 
affixed such images as the Ram, the Bull, &c. to the twelve 
sijgns of the zodiac There is great reasmi, however, to sup- 
pose that they were placed SjS hieroglyphics of the seasons of 
the year, alluding to the annual course of the sun. 

Thus Aries, Taurus, and Gemini, represent March, April, ' 
and Maif^ the spring quarter of the year, when lambs^ calves^ 
and goats (the latter generally bringing forth twin kids) are 
produced. 
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Cancer, the Crab, which creeps both ways, represents the 
increase and decrease of the son's declination, to and front 
the summer solstice, in June. 

Leo, the Lion, intimates the raging heat of the snn in July, 
which the ancients compared to the furious nature of that 
fierce animal. 

Virgo, the Virgin, with a spike or ear of eorn in her hand, 
properly represents August, when the harvest of the earth 
is ripe. 

Libra, the Balance, is displayed in September, to intimate 
that the days, at the autumnal equinox, are equal in all 
parts of the globe. 

Scorpio, the Scorpion, a noxious animal, is placed as tho 
hieroglyphic of October, because, at tliat season, diseases of 
various kinds too often rage. 

Sagittarius, the Archer^ marks November as the proper 
time for hunting. 

Capricomus, the Goat, by its climbing up the rocks, is 
placed as an emblem of December, when the sun, at the 
winter solstice, begins to ascend again towards the equinoctial. 

Aquarius, the Water-bearer, wiUi his urn^ represents Janu- 
ary, when rains are frequent. , 

Pisces, the Fishes, are emblems of the fishing season, which 
began in the Nile during the month of February. 

The names of the twelve signs are contained in tiie follow- 
ing verses : — 

The ram, the huU, the heavenly twins^ 

And next the crtiif, the lion shines, « 

The virgin, and the scales ; 
The seorpion, archer, and the goat. 
The man that holds the water-pot, 
And Jish with glittering tails. 

Northern Constellations. 

_ • 

274. The Little Bear, the Great Bear, the Dragon^ 
the Greyhound, Bootes, and Mods. Menekus: Ce- 
phoeus^ Berenice's Hair, Charles's Heart, the Nor- 
thern Crown, Hercules, and Cerberus : The Harp, 
the Swan, the Fox, the Goose, the Lizard, Cassio- 
peia, and Perseus ; Andromeda, the Great Triangle, 
the Little Triangle, Auriga, Pegasus, the Dolphin, 
and the Arrow : The Eas^le, Serpentarins, the Ser- 
pent, Sobieski's Shield, Camelopardus, and the Colt; 
Antinous, the Lynx^ the Little Lion, and Musca. 
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Southern Constellations. 

275. The Whale, the River Eridaniis^ the Hare, 
Orion» the Great Dog, and the Little Dog : the Ship 
Argo, Hydra, the Centaur, the Cap, the Crow, the 
Wolf, and the Altar: the Southern Crown, the 
Southern Fish, the Phoenix, the Crane, and the Pea- 
cock : Noah's Dove, the Indian, the Bird of Paradise, 
Charleses Oak, the Southern Triangle, and the Fly 
or Bee : the Swallow, the Cameleon, the Flying-fish, 
the American Goose, the Water Serpent, and the 
Sword Fish. 

Obs, Some of the principal stars have particular names 
given them, as Aldeharan, in the BuWt Eye; Regulus, or ihe 
Lion's Heart: Arctwrus, in Bootes; Sirius in the Great Dog; 
Spiea^ or the Ear afCora^ in Virgo; Pieiadesy or the Seven 
Stars. 



SECTION VI. 

ARRANGElff-ENT OP THE CELESTIAL BODIES IN SPACE, BY 

DR. HERSCHEL. 

276. The construction of the heavens, in which the 
real place of every celestial object in space is to be 
determitied, can only be delineated with precision, 
when we have the situation of each heavenly body 
assigned in three dimensions, which, in the case of 
the visible universe, may be called length, breadth, 
and depth ; or longitude, latitude, and profundity. 

Of the local Situation of the St^rs of the Heavens. 

*277. When we look at the heavens in a clear night, 
and observe the different lustre of the stars, we are 
impressed with a certain idea of their different mag- 
nitudes ; and when our estimation is confined to their 
appearance only, we shall be justified in saying, for 
instance, that Arcturus is larger than Aldebaran«L 

The principle on which the stars are classed is, therefore, 
entirely founded on their apparent ma^tude, or brightness.. 



S54 Astronomical Sti^$ice* 

Now, fts it was thought coDyenient to arrange all t&e star?, 
which in fine weather may be seen by the eye, into seven 
classes, the brightest were called of the firat, and the rest 
according to their gradually diminishing lustre, of the 2d> 3d» 
4th, 5th, 6th, and 7th magnitudes. Then, since it is evident 
that we cannot mean to affirm that the stars of the 5th, 6tb» 
and 7th magnitudes are really smaller than thcwe of the Ist^ 
8d, or 3d, we mast ascribe the cause of the difference in the 
apparent magnitudes of the stars to a difference in tlieii^ 
relative distances from us ; and on account of the great 
number of stars contained in each class, we must also sdlow 
that the stars of each succeeding magnitude, beginning fi-om 
the first, are, one with another, further from us, than those of 
the magnitude immediately preceding it. 

Of a Standard^ by which the relative Arrangement 
of the Stars may be examined^ 

278. It is evident, that when we propose to examine 
how the stars of the heavens are arranged, we ought 
to have a certain standard of reference ; and this I 
believe may be had by comparing their distribution 
to a certain properly modified equality of scattering. 

Now, the equality I shall here propose, does not require 
that the stars should be at equal distances from each other ^ 
nor is it necessary that all those of the same nominal magni* 
tude should be equally distant from us. It consists in auot^ 
ting a certain equaJ portion of spaee to every star ; in conse- 
quence of which we may calculate how many stars any given- 
extent of space should contain. This defiiiition of equal 
scattering agrees so far with observation, that it admits, fpp 
instance, Sirius, Arcturus, and Aldebaran to be put into the 
same class> notwithstanding their very different lustre will 
not allow us to suppose them to be at equal distances frein- 
us ; but its chief advantage will be, that instead of the ordec 
of ma(pitudes into which our catalogues have arranged the 
stars, it will give us an order of distances, which may bo- 
used for ascertaining the local distribution of the heavenly 
bodies in space. 

Comparison of ths' Order of Magnitudes, with the 

Order of Distances. 

379. The catalogae given in the Philosophical 
Transactions, contains 17 stars of the first magni- 



tode ; bat in my figure of the order of the distances 
their namber is 26. 

The same catalogue has 57 stars of the second 
magnitude ; but the order of distance admits 98. 

On the third magnitude, the catalogue has 206* 
and the order of distances wilt admit 218. 

The number of the stars of the fourth magnitude, 
is, by the catalogue^ 454, and by the order of dis:^ 
lances 386. 

By these four classifications of the stars into maguitudes, it 
appears that, on account of the great difference in the lustre 
of the brightest stars, man}' of them have been pat back into 
tibe second class ; and that the same tisible excess of light 
has also occasioned many of the 9tars of the next degree of 
brightness to be put into the third class ; but the principle of 
the yisibility of the difference in brightness wopld have less 
inHnence with the gradually diminishing lustre of the stars, 
so that the number of those of the third magaitiirde would 
come nearly up to those of the third distance. And as. ^e 
difference in the light of small stars is less visible than kk the 
large ones, we find that the catalogue has admitted agreatei 
namber of stars of the fourth magnitude than the fourth order 
of distances points out ; this may, however, be owing to taking 
in the stars that were thrown back from the preceding 
orders i and a remarkable coincidence of numbers seems to 
confirm the account of the arrangement of the stars into mag* 
nitndes. For the total number of the catalogued stars of the 
Ist, 2d, 3d, and 4th magnitudes^ with the addition of the sun, 
is 736; and the number contained in the whole sphere of the 
fourth distance is 729. 

Of a Criterion for ascertaining the Profundity^ or 
local Situation of Celestial Objects in Space. 

280. The statement that, one with another, the faint-^ 
est stars are at the greatest distance from us, seems 
to me so forcible, that I believe it may serve for the 
foundation of an experimental investigation. 

It will beadmitted, that the light of a star is inversely, as the 
square of its distance ; if theretbre we can find a method, by 
inmich the degree of light of any given star may be ascertained, 
its distance will become a subject of calculation. But in 
order to draw valid consequences from experiments made 
npon the brightness of different stars, we shall be obliged to 



266 Astronomical Science. 

admit, that one with another the stars are of a certain phy- 
sical generic size and brightness, still allowing that all such 
deviations may exist, as generally take place among indivi* 
duals belonging to the same species. 

With regard to size, or diameter, we are, perhaps, more 
liable to error; but the extensite catalogue which has 
already been consulted, contains not less than 14,144 stars of 
the seven magnitudes that have been adverted to ; it may 
therefore be presumed Ihat any star promiscuously chosen 
for an experiment, out of such a number, is not likely to diff 
fer much from a certain mean size of them all. 

At ail events it will be cerlain that those stars, the Hght of 
which we can experimentally prove to be i, }, •^, jg, ^, and -j^^ 
of the light of any certain star of the first magnitude, must 
be 2, 3, 4, 5, 6, and 7 times as far from us as the standard 
star, provided the condition of the stars should come up to 
the supposed mean stale of diameter and lustre of the stand- 
ard star, and of this, when many equalizations are made, there 
is at least a great probability in his favour. 

Of various experiments I have long ago tried, the eqnali- 
zation of star-light, which about four years ago I began to 
put into execution, appeared to be the most practicable. 

Often highly finished mirrors I selected two of an. equal 
diameter^ and focal length, and placed them in two simi<« 
larly fitted-up seven feet telescopes. When they were com-t 
pletely adjusted, I directed them both, with a magnifyiiig 
power of 118, to the same star, for instance, Areturus : and, 
upon trial f found the light not only of this, but of every 
other star to which they were directed, perfectly equal in bo& 
telescopes. 

In comparing the light pf one star with that of another^ 
I laid it down as a principle, that no estimation but tliat of 
perfect equality should be admitted ; and as the equal action 
of the instruments was now ascertained, I calculated the 
diameters of several apertures to be given to one of the teles- 
copes as a standard, so that the other, called the equalizing 
telescope, might be employed, with aU its aperture uncon- 
fined, to examine a variety of stars, till one of them was 
found whose light was equad to that of the star to which the 
standard telescope was directed *. 

This method of erqualizing the light of tlie stars, easy as it 
may appear, is nevertheless subject to great difficulties; for 

* Dr. Herschel preferred the limitation of the light by cir- 
cular apertures to the method of obtaining it by the approach 
or recess of two opposite rectangular plates, in order to afoi<| 
the inflections which take pli^ce in the angles^ 
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as the bri|f1itne8S of a star is affected by its sitaation, with 
re^rd to the ambient light of the heavens, the stars to be 
eqaalized sboold, if possible, be in nearly the same region* 
When tiic sun is deep in the horizon, this is, however, not of 
so much consequence as the altitude of the star to be equa* 
lized, which ought to be, as nearly as possible, equal to that 
of the standard star. At great elevations some difference in 
the altitudes' of the stars to be equalized may be admitted; 
but if they are far from each other, the circumstance of the 
equal illumination of the heavens, and the equal clearness of 
the air must still be attended to. 

Of the Extent of Natural Vision. 

281. The following equalizations were made in 
Angast and December, 1803, and February 1814, 
and are given as a specimen of the method I have 
pursued. 

Taking Arctums for the standard of an experiment, I direct- 
ed the telescope, with one quarter of its light, upon it : while 
the equalizing telescope, with all its light, was successively set 
upon such stars as I supposed might be at double the dis« 
tance of the standard star: which, as Arcturus is a star of the 
first magnitude, 1 expected to find among those of the second. 

The first I tried was Q Pega[^i,butl found it not quite bright 
enough, 

~ 1*he light of » Andromcdae, which next I tried, was nearly 
equalized to that of Arctums ; and, the observation being 
repeated on a different night, gave it equal. 

In order to obtain some other stars, whose light might be 
equalized by one quarter the light of Arcturus, I tried many 
different ones ; and found among the a Polaris, y Ursae, and 
^ Cassiopeae. These stars, therefore, may also be put into 
the class of those whose light is equal to the stars of the 
second order of the distance of Arcturus. 

As the foregoing experiments can only shew tiiat a star of 
the light of Arcturus might be removed to eight times its dis- 
tance, and still remain visible to the naked eye as a star of 
between the fifth and sixth magnitude; it will be prober to 
take also other stars of the first magnitude, for the original 
standards. 

For instance, if we begin from Capelia as the standard star, 
we may, with i of its light equalize Auriga, and Tauri ; 
which stars will, therefore, be of the second order of distances. 
With i of the light of C Tauri: we equalize (Tanri and » 
Aurigiae; they will then be of the fourth order. With i of 
the light I Aurigiae, we can equalize e Persei, and H Gemi- 
norum,— which will be of the eighth order, And, with ^ of 
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the light of H Gemitioroiny we equalize d Geminoran,— 
which makes it a sj;ar of the tenth order. . That is to saj, if 
Capella were successiTely removed to two, four, eighty and 
ten times the difitance at which it is from us, it would then have 
the appearance of the stars which have heen named. 

To iind stars of the intermediate orders of distances, the 
following table gives the proportional light that should foe 
used with the star which is made the standard ; for instance, 
a star of the second order of distance, with J of its light, will 
equalize a star of the third order ; ^ of the light of a star of 
the third order of distances will give one of the filth order^.and 
so on. 



A star of 

the order of 

distances^ 


TVithtlie 

Proportion of 

its light. 


Gives one 
of the Order 
of Distances. 


1 . 


. i . 


. 2 . 


2 . 


. t . 


. 3 . 




. i . 


. 4 . 


3 . 


• 5& • 


. 5 . 




. i . 


. 6 . 


4 . 


• 49 • 


. 7 . 




. i ' 


. 8 . 


5 . 


• It • 


. 9 . 




. i ' 


. 10 . 


6 . 


• "m • 


. 11 . 




. i . 


. 12 . 



But the extent of natural vision is not limited to the light 
-of solitary stars only; the united lustre of a number of them 
will beconje visible when the stars themselves cannot be seen. 
For instance, the milky-way ; the bright spot in the sword 
handle of Perseus ; the cluster north of vt and H Geminorum ; 
the cluster south of Fl. (i and 9 Aqnilas ; the cluster south of 
D Hercules, and the cluster north preceding i PegajU. But 
their distances cannot be ascertained by the method of 
equalizing star-light : their probable situation in sfiace may^ 
however, be deduced from telescopic observations. 

To these very faintly visible objects may be added two of a 
very (Ufferent nature, namely, the nebulosity in the sword of 
OrioPa <^c[ that iu the girdle of Andromeda* 
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Of th€ Extent of Telescopic Vision. 

V 

262. The Equalization of star-light, when carried 
to a proper degree of accuracy* will do away the cause 
of error to which the telescopic extent of vision has 
been unavoidably subject. 

We may therefore safely apply this vision to measure the 
profundity of sidereal objects that are far beyond the reach of 
the natural eye ; but for this purpose the powers of pene- 
trating into space of the telescopes that are to be used must 

be reduced to what may be called guaging powers ; and, as 

» — — — ^— 

^x A*— 6* 

the formula —J! gives the whole quantity of the space- 

a 
penetrating power, a reduction t o any inferi or power, p may 

be made by the expression ^x ^---- + ft* s= A. ; when the 

'^ X 

aperture is then limited to the calculated value of A, the 
telescopes will have the required gnaging power. Or we 
may prepare a regular set of apertures to serve for trials, and 
find the gnaging powers they give to the telescope by the 
original formulw. 

Application of the Extent of Natural and Teles- 
copic Vision to the Probable Arrangetnent of the 
Celestial Bodies in space* 

383, When the extent of natural and telescopic yi-> 

sion is to be applied to investigate the distance of ce« 

leetial objects, the result can only have a high degree 

of probability ; lor it will then be necessary to admit 

a certain physical generic size and brightness, of 

the stars. But, when two hypotheses are proposed 

to explain a certain phenonftenon, that which will 

most naturally account for it ought to be preferred 

^» being the most probable^ 

Kow, as the diierenh magnitudes of the stars may be as* 
cribed to a physical differeace in their sise and lustre, and 
may also be owing to the greater distance of the faiater ones, 
we cannot think it probable that all those of the 5th, 6th, and 
7th magnitude, should be gradually of a smaller physical 
eonstmotion than thpam of the 1st, 3d, and ad : bat shaM on 
the contrary, be fairly justified in concluding that, in con- 
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formity with all the phenomena of vision, the greater faint- 
ness of those stars is owing to their greater distance from us. 
I proceed now to consider some conclusions that may be 
drawn from a known extent of natni*a! vision, a very obvions 
one of which is, thai all the visible stars are probably con- 
tained within a sphere of the 12th order of distances. Now 
as on the principle of equal scattering, we should see aboat 
15625 of them, it may be remarked that the stars of the cata« 
logue, including all those of the 7th magnitade, amount to 
14144, which agrees snfiidently well with the calculated 
number: but the next inJerence is, that if they were equally 
scattered, there would be 2402 of the 10th, 2906 of tlie llth, 
and 3458 of the 13th order of distances, which added toge* 
ther amount only to 8766, whereas the number of stars of the 
6th and 7tH magnitudes that must come into these three orders, 
is4iot less than 12249, which would indicate tliat the stars in 
the higher order of distances are more compressed than they 
are in the neighbourhood of the sun ; but, from astronomical 
observations, we also know that the stars of the 6th and 7th 
magnitudes are very sparingly scattered over many of the 
constellations; and that, consequently, the stars which belong 
to the 10th, 11th and 12th order of distances, are not only 
more compressed Tban those in the neighbourhood of the 
sun, but that, morevYcr, their compression in different parts 
of the heavens must be yery unequal. 

Of the Construction and Extent ofih% Milky- Way. 

284. Of all the celestial objects consisting of stars 
not visible to the eye, the milky way is the most strik- 
ing ; its general appearance, without apply ing a teles- 
cope to it, is that of a zone, surrounding onr sitaa«- 
tion in the solar system, in the shape of a succession 
of differently condensed patches of brightness, inter- 
mixed with others of a fainter tinge. 

The breadth of the milky -way appears to be very 
unequal. In a few places it does not exceed five 
degrees ; but, in several constellations, it is extend* 
ed from ten to sixteen. In its course it rans nearly 
120 degrees in a divided clustering stream, of irhich 
the two b^rancbes between Serpentarius and Antinous 
are expanded over more than twenty-two degrees. 

That the sim is within its plane, may be seen by 
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an observer in the latitade of aboat 60 degrees; 
for when at 100 degrees of right ascension, the 
milky way is in the east ; it will, at the same time, be 
in the west at 280 : while in its meridianal situation, 
it will pass throagh Cassiopeaa in the Zenith, and 
through the constellation of the cross in the Nadir. 

From this survey of the milky-way by the eye^ I shall now 
proceed to show what appears to be its oonstructioo, by apply* 
ing to it the extent of telescopic vision. 

From Ihe Fomula which has been ^iven, I calculated a set 
of apertures, which, by limiting the light of tiie finder of my 
seven feet reflector, would reduce its spac^^-penetratiiig power 
to the low gnagiog powers two, three, and four. I then 
limited, in the same manner, the space-penetrating power 
of my night-glass, by using calculated apertures, such as 
would give the guaging powers five, six, seven, and eight. 
From the space-penetrating power of the seven feet reflector, 
I obtained, by limitation, the successive guaging powers 
nine, ten, and upwards to seventeen. And lastly, by limiting 
the space-penetrating power of my ten feet reflector, I car- 
ried the guaging powers from seventeen to twenty-eight. 

With a ten feet reflector, reduced to a guaging power of 
eighteen, I saw a great number of stars : they were of very 
different magnitudes, and many whitish appearances were so 
faint, that their consisting of stars remained doubtful. The 
power nineteen, which next I used, verified the reality of 
several suspected stars, and increased the lustre of the former 
ones. With twenty, twenty-two, and twenty-five, the same pro- 
gressive verifications of suspected stars took place; and those 
which had been verified by the preceding powers, received sub- 
sequent additional illumination. With the whole space-pene- 
trating power of the instrument, which is 28,67, the extremely 
faint stars in the field of view acquired more light, and many 
still fainter suspected whitish points, could nut be verified for 
want of a still higher guaging power. The stars which filled 
the field of view, were of vanous orders of telescopic mag- 
nitudes ; and were probably scattered over a space extending 
from the 204th to the 344th order' of distances. 

From the greater diameter of the miirror of the forty-feet 
telescope,- we have reason to believe that a review of the 
milky-way with this instrument would carry the extent of this 
brilliant arrangement of stars as far into space as its pene- 
trating power can reach. — which would be to the 2300th 
order of distances ; and that it would then probably leave us 
again in the same uncertainty as the twenty-feet telescope. 
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XJwtchidmg ^bmctrltB. 
285. Wtat tas feeen Said of 4e feitetft and condi- 
tion of the milky-way, in several of my papers on the 
construction df the heavens, with theiiddition of the 
observations contained in this attempt to gtveamore 
correct idea of its profundity in space, wili nearly 
contain aU tiie general knowledg^e we can f^ver have 
of this magnificent collection of stars. To enter 
upon the wl]»ject of the contents of the heavens, in 
lite two fconparalively v£M»uit spaces toa -eadi side 
adjoining Ae wiHty-way, the situation -of giobnlar 
clusters of planetary nebulae, and of far extended 
nebulosities, would greatly exceed the compass of 
this paper ; I shall therefore only add one remarkable 
conclusion, that may be drawn from the experiments 
which have been made with the guaging powers. 

Let a circle, drawn with the radias of the twelfth order of 
distances, represent a sphere containing every st&r that can 
l>e seen by the naked eye ; then,.if the breadth of the milky- 
way were only five degrees, and if its profundity did not 
exceed the 900th order of distances, the two parallel lines an 
the figure representing the breadth of the nulky-way, will, on 
each side of the centre of the inclosed circle, extend to more 
than the 90th order of distances. 

From this it follows, that not only our son, but all the stars 
we can see with the eye, are deeply immersed in the milky- 
way, and form a component part of it. 



CHAPTER XI. 

PHYSICAL ASTRONOMY. 



SECTION I. 

OP MOTION AND ITS LAWS. 



286. Motion is a simple idea, and therefore admits 
not of definition : when we say tliat it is a continaal 
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aad sncoeasive change of place, we describe it in a 
periphrasis, by its sensible effects. Or, by anothei: 
doroomlocn^aon, motion may be described as that 
state o£ a body which is not consistent with its con- 
tiimanGe in the same' place ; or which it is not, in 
two successive instants of duration, at the same dis* 
tasce fr(Hn diverse fixed points in space : this state is 
opposed to that of rest. 

The commomcation of motion from one body to another, 
though a fact with which we are well acquainted, we are 
equally incapable of accocmting for. It is, boweyer, of ^e 
n&iost importance in mechanical philosophy, which is in- 
deed deriyed from its laws. Moreover, the principle upon 
which all philosophical discussion proceeds is, that every 
change which we observe in the condition of thingSj^ is com" 
sidered by us as an effect indicatitiffthe agency eharact^zing the 
hind, and measuring the degree , of its cause. 

In the language of mcohai^ical philosophy, the cause of 
any change of motion is called a moving or changing force. 

Ubs. Whenever, therefore, we use the word/ore^ or power, 
in a mechanical sense, it is to denote that which causes a 
change in the state of a body, whether tliat state be rest or 
motion* _^ 

The investigation of the laws of the planetary bodies must 
therefore begin with the consideration of motion, carefullv 
noticing every affection, or quality of it, so as to establish 
marks and measures of every change of which it is susoep-^ 
tible ; for these are only marks and measures of the changing 
forces. 

287. Prom the g^eneral principle of philosophical 
discussion mentioned above, we derive these three 
axioms. 

1. Every body perseveres in a state of rest y or of 
uniform rectilineal motion, unless affected by some 
moving force. 

2. Every change of motion is always proportional 
to the degree of the moving force by which it ispro^ 
duced, and it is made in the fine of direction in which 
that force is impressed, 

9. That action and reaction are always equal and 
contrary ; or the mutual actions of two bodies upoii 
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each 0therareahipuy9 equal, and directed io cai^trary 
parU' 

Of the axioms, the first has respect to the continue 
ance of bodies in a state of repose or of motion, 
without any alteration, except so far as stibseqaent 
causes operate ; the second assigns the quantity and 
nature oi such alterations ; and the third has respect 
to the mutual circumstances of the patient, that 
suffers such alteration from any cause, and of the 
agent producing the alteration. 

Tbese axioms are usually called the laws of motiatt. They 
are more properly laws of human judgment with respect to 
motion. Perhaps they are necessary truths, unless it be 
alleged that the general principle, of which they are neces- 
sary coAsequences, is itself a contingent though uniyersal 
truth. 

By these axioms, applied in abttracto to every variety of 
motion, we establish a system of general doctrines conciem- 
ing motions, according as they are simple or compounded, 
accelerated, retarded, rectilineal, curvilineal, in single bodies, 
or in systems of connected bodies ; and we obtain correspond- 
ing characteristics and measures of accelerating or retard* 
ing forces, centripetal or centrifugal, simple or compound. 

288. In considering motion there are several cir- 
cumstances which mast be attended to : 

1. The force which impresses the motion ; 

2. The quantity of matter in the body moved; 

3. The velocity and direction of motion ; 

4. The space passed over in the moving body ; 

5. The time employed in going over this space ; 

6. The force with which it strikes another body 
that may be opposed to it. 

289. Every body, by its inertia, resists all change 
of state ; therefore, to put a body in motion, there 
must be a sufficient cause. 

Ohs, Every body at rest on the surface of the earth will 
always continue so, if no external force be impressed upon 
it to give it motion ; and if motion be communicated to it by 
another bo<ly, it will continue to move for ever uniformly, 
unless it be stopped by an external agent. 

Jbese causes are called motive powers, and they are either 
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nuscotar or mechanical ; as the acfitMi of mtitt Ai&d ofher 
. animals'; the force of wind, water, gravity, the preniire of 
the atmosphere, the elasticity of fluids, springs, and steanK 

The change of motion produced in any body is propor- 
tional to the force impressed^ and in the direction of that 
force. 

290. To every actioii' of 6fte body upon another there 
is an equal and contrary re-actiofi: or th^ mutaal 
actions of bodies on each other are equal and in 
contrary directions, and are always to be estimated 
in the same right line. 

291 • The velocity ofmotionis estimated by the time 
occupied in moving over a certain space, or by 
the space moved over in a certain time. The less 
the time, and the greater the space maved'over, the 
greater is the velocity ; on the contrary, the greatet 
the time, and the less the space moved over, the less 
is the velocity. 

A body in motion must every instant tend to 
some particular point. It may either tend always to 
the same point, in which case the motion will be in 
a straight line ; or it may be continually changing the 
point to which its motion is directed ; and this will 
produce a curvilinear motion. 

Ohs, The most general of all phenomena is the curvilinesa 
motion of bodies in free space ; it is observed through the 
whole extent of the solar system. 

If a body be acted upon by one force only, or 
by several forces in the same direction, its motion 
'will be in the same direction, in which the moving 
forde or forces act; as the motion of a boat, in smoo& 
water, which a man draws with a rope. 

292. Equable motion is either simple or compound. 
Simple motion is that which is produced by the 
action, or impressed force, of one cause. Compound 
^motion is that which is produced by two or more con- 
spiring powers ; tiiat is, by powers whose directions 
are neither opposite nor coincident. 

If two or more forces differently directed, act 
VOL. I. N 
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upon the same body at the same time, as the body in 
question cannot obey them all, it will move in a direc- 
tion somewhat between them. 

Illus» Suppose a body a to be acted upon 
by another body in the direction A b, while 
at the same time it is impelled by another 
in the direction A c, then it will move in the 
direction A d; and if the lines a b, A c, be 
made of lengths proportionate to the forces, and the lines c D, 
D B, drawn parallel to them, so as to complete the parallelo- 
gram A B, D c, then the line which the body a will describe, 
will be the diagonal a d ; and the length of this line will re- 
present the force with which the body will move. 

It is evident that if the body be impelled by equal forces 
acting at right angles to each other, it will move in the 
diagonal of a square ; but whatever may be the direction, or 
degree offeree by which the two powers act, the above me- 
thod will always give the direction and force of the moving 
body. 

It follows from this, "that if we know the effect which the 
joint action of two powers have upon a body, and the force 
and direction of one of them, it is easy to find thatof the other. 
For suppose a d to be the direction and force with which 
the body moves, and a b to be one of the impelling forces, 
then, by completing the parallelogram, the other power a c is 
found. 

Instances in nature, of motion produced by several powers 
acting at the same time, are innumerable. A ship impelled by 
the wind and tide is one well known : a paper kite acted upon 
in one direction by the wind, and in another by the string, is 
another instance. 

293. Accelerated Motion, is that in which the velo- 
city is contioaally increasing from the continued 
action of the motive power. Uniform accebrafed 
motion is that in which the velocity increases equally 
in equal times. 

Motion is said to be retarded, if its velocity con- 
tinually decreases ; and to be uniformly retarded, if 
its velocity decreases equally in equal times. 

If you suppose a body to be put in motion by a single 
impulse, ana, moving uniformly, to receive a new impulse in 
the same direction. Its velocity will be augmented, and it will 
go on with the augmented velocity. 

If at each instant of its motion it receive a new iinpnlsoy 
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the velocity will foe conthraatly inoreasing ; and if tiiis 
impnlse be always eqaal, the Telocity will be anilbnnly acoe^ 
lerated. 

The regularly increasing Telocity with which a body falls to 
the earth, is an instance of accelerated motjpnw^ich is caused 
by the constant action of gravity^ 

Let us suppose the time of descent of a falling body to be 
divided by a number ofvery small equal parts : the impression 
of gravity, in the first sinall instant, would make the body 
descend with a prepoitionate and uniform velocity ; but in 
^e second instant, the body receiving a new impulse from 
gravity, in addition to the first, would move with twice the 
velocity as before; in the third instant it would have three 
times the velocity, and so on. 

The velocities of falling bodies are in proportion to the 
spaces run over, and the space passed over in each instant, 
increases in £u1thmetical progression, or as the numbers 1» 
3, 6, 7, 9, &c. 

It is found by experiment that a body falling from a height, 
moves at the rate of 16^ feet in the first second ; and as has 
been shewn above, acquires a velocity of twice that, or 32^ 
feet m a second. At the end of the next second, it will have 
fallen 64} feet, the space being as the square of the time- the 
square of 2 is 4, and 4 times 16i|, is 64|. By the same rule 
yoii may find, that in the third second it will fall 144| feet ; in 
the fourth second, 257| ; and so on. 



SECTION II. 

JPLANETARY ATTRACTIO^K. 

294. Attraction is understood to signify the 
tendency that bodies have to approach each other. 
And it is called the attraction of cohesion, the 
attraction of gravitation^ &e. 

The attraction of Gravitation or Gravity, 
is that force by which all the masses of mat- 
ter tend towards each other, and which they exert 
at sdl distances. It is that by which the heavenly 
bodies are retained in their several places, by their 
action on each other; and it is also by this, that a 
stone, when dropped from a height, falls to the smv 
/ace of the earth. 

Kg 
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It is one of Uie laws of nalure, discovered by Newton, 
and now received by all philosophers, that every particle of 
matter gravitates towards every other particle ; this law is 
the main principle in the Nenftanian Philosophy. The planets 
and comets all graTitate towards the sun, and towards each 
other, as well as the sun towards them, and that in propor- 
tion ta the quantity of matter in each. 

AH- terrestrial bodies tend towards a point, which is either 
immediatety or very nearly, the centre of the earth ; conse- 
quently, bodies fall every where perpendicular to its surface, 
and, therefore, on opposite sides in opposite directions. As 
it acts upon all bodies in proportion to their quantities of 
matter, it is this attractive force that constitutes Hie weight 
of bodies. 

M two bodies which contain equal quantities of matter, 
w«re placed at ever so great a distance from one another, 
and then left at liberty in free space, and if there were no 
other bodies ^in the universe to afifect them, they would fall 
equally swift towards each other, and would meet in a point 
which was half-way between them at first. Or if two bodies, 
containing unequal quantities of matter, were placed at any 
distance, and left in the same manner at liberty, they would 
fall towards one another, with velocities which would be in 
an inverse proportion to their respective quantities of matter ; 
and moving faster and faster in their mutual approach, would 
at last meet in a point as much nearer to the place from 
which the heavier body began to fall, than to the place from 
which the lighter body began to fall, as the quantity of mat- 
ter in the former exceeded that in the latter. 

AH bodies whatever have a certain degree of gravity or 
weight. £ven smoke and vapours possess gravity, but they 
do not descend, because they are lighter than the air, and 
are supported by it : the reason of their apparent levity will 
be fully shewn afterwards. 

' In all places equi-distant from the centre of the globe, 
the force of gravity is equal. The earth, however, is not per- 
fectly a sphere, but a spheroid ; that is, having its equatorial 
longer than its polar axis by about thirt^'-seven miles ; hence, 
tlie force of gravity is less at the equator than at the poles, 
because the centrifugal force of the earth at the equator di- 
minishes the gravity : this is proved by the necessity of making 
the pendulum shorter at the equatorial than in the polar re* 
gion& Hence, seconds' pendulums, which in the latitude of 
Iiondon must be 39,2 inches, reqaire to be one- tenth shorter, 
or 39,1 at the equator. 

The force of gravity is greatest at the earth's surface, firom 
whence it decreases both upwards and downwards^ bat not 
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both ways, in the same proportion; for upwards tho force of 
gravity decreases, as the sqaare of the distance from the 
centre increases, so-tkat, at a double distance from the cen-. 
tre above the surface, the force would be only one»fourtbof 
what it is at the surface ; but below the surface of the earth, 
the power decreases in such a manner, that its intensity is 
directly as the distance from the centre, and not as the 
square of the distance; so that at the distance of half a semi- 
diameter from the centre, the force would be but tialf what 
it is at the surface.: at one-third of the semi-diameter the 
force would be one-third, and so on for any other assumed 
distances. 

Further, gravity and weight may be taken, in particular 
circumstances, as synonymous terms. We say such a piece 
of lead weighs a pound, sixteen ounces, but if by any meant 
it could be carried to four thousand miles above the surface 
ef the earth, it would only weigb one-fourth of a pound, or 
four ounces ; and provided it could be removed eight thou- 
saml miles above tiie earth, which is three times the distance 
from the* centre thai.tlie surface is, it would weigh only one- 
ninth of a pound, or 1 J ounces. 

Again, since the force of gravity downwards decreases, as 
the distance from the surface increases, the same weight 
idready described, woa4d weigh at one4ialf the distance ^tm 
the centre ta the surface, only one half of a pound or eight 
ounces, and so on for one third, &c. 

Hence, a piece of metal> &Ci weighing on the surface of the 
earth, one pound, will 

At the centre, weig^ *.«4 • .^ 

1 ,000 miles from the centre • • i of a pound 

2,000. •• ♦. .i 

3,000 ^•».*^. ..••..! 

4,000 .^..4^ 1 

8,000.... ...J 

12,000 Jth. 

As all bodies gravitate towards the earth, so does the 
earth grayitate towards all bodies, as well as all bodies ta 
particular parts of the earth ;, for, by an experiment made by 
the late Dr. Maskelyne upon the side of the mountain Sche- 
baliien, he found the attraction of that mountain sufficient 
to draw the plumb-line sensibly upon the perpendicular, so 
that it did not tend to the centre of the earth. 

When we speak of attracting powers we do not attempt 
to explain their nature, or assign their causes. The cause 
of gravity is totally unknown. Many theories haTC been in* 
▼ented to account for it, but they have all been mere hypo- 
theses^ or conjectures^, without any foundation. Having 

k3 



270 Physical Astronomy. 

derived general prmcfples, or laws of nature, from pheno- 
mena, wliieh in the business of philosophy, we oaiy give a 
name to those prhiaiples, in order to explain other appear* 
anees bjf them*. 



^«^^^4 



SECTION III, 

CAWf OF THE PLANETARY MOTION. 

J395. In consequence of the vis^ inertia of matter, 
all motion produced by one force only acting upon a 
body, must be rectilinear ; for it must receive some 
particular direction from the power that impressed 
it, and must retain that direction until it is cnanged 
by some other power.^. Whenever, therefore, we see 
a body moving in a curvilinear direction, we may be 
certain that it is acted upon by two forces at least ; 
but when one of those two forces ceases to act, the 
body will move again in a straight line. 

Thus a stone in a sling is moved round by the hand, 
while it is pulled towards the centre of the circle which it 
describes by the string; but when the string is let go, the 
stones flies off in a tangent to the circle. 

Every body moved iii a circle, hath ar tendency to fly off 
from its centre, which centve is called the cen^WJ^ga/ybrce; 
and it is oppesed to the centripetal force, or that which, by 
drawing bodies to the centre^ makes them revolve in a curve.. 

These two forces are called together central forces^ 

' 296. The centre of gravity of a body, or a system 
of bodies, is that point about which all the points of 
the body or system of bodies, do in any situation ex- 
actly balance each other. 

Hence, if a body be suspended or supported by this pointy 
the body will rest in any position into which it is put. Also, 
whatever supports that point, bears the weight of the whole 
body ; and while it is supported, the body cannot fall. We 
may, therefore, consider the whole weight of a body, as cen- 
tred in this point. 

The common centre of gravity of two or more 
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bodies, is the point about which they would equi- 
ponderate, or rest in any position. 

Illus. If the centres of gravity of two j^ -. 

or more bodies, a and b, be connected by ^ i ^ 

the right line a b, the distances a c and C 

B c, from the common centre of gravity c, are reciprocally 
as the weights of the bodies a and b ; that is,. A c : b c : : 
b:-a. 

Prop. 1. If a body by an uniform anoiton,. de- 
scribe one side of a parallelogram, in the same time 
that it would describe the adjacent side by an ac* 
celerative force ; this body, by the joint action of 
these forces, would describe a curve, terminating in 
the opposite angle of the parallelogram. 

297. Let abdc be a parallelogram, and suppose the body a 
to he carried through ab by an uniform 
force in tho same time mat it would 
be carried through ac by an accelera- 
tive force, then by the joint action of 
these forces, the body would describe a 
curve AGIO. For, by the preceding illus- 
tration, (Art« 293.) if the spaces ab, ek, 
and KB, be proportional, to each other, 
the spaces af, fh, and hc, will be in the same proportion, and 
the line agio will be a straight line when the body is acted 
upon by uniform forces;, but in this example, die force in 
the direction ab being uniform, would cause the body to 
move over equal spaces ae, ek, and kb, in equal portions of 
time : while the accelerative force in the direction ac, would 
cause the body to describe spaces af, fh, and hc, increas- 
ing in magnitude in equal successive portions of time, hence 
thQ parallelograms abof, akih, &c. are not about the same 
diagonal, therefore agio is not a straight line^ but a curve. 
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Prop. fl. The curvilinear motions of the planets 
arise from the uniform projectile motion of bodies 
in straight U^es, and the universal power of cf^ttrac- 
tion which draws them off from these lines* 

298. If the body Bbe pro- 
jected along the straight 
line BAF, in free space 
ivhere it meets with no re- 
sistance, and is-not drawn 
aside by any other force, 
it wilJ (by thi^ first liiw of 
motiop) go on for ever v(i, 
tlie same direction, and 
with the same velocity. 
For, the force whidL 
moves it from b to a in a 
given time, will^arry it from a to f in a successive and equal 
portion of time, and so on ; there being nothing either to 
obstruct or alter its motion. But, if, when the projectile 
force has earned the body to A, another body as s, begins to 
attract it, with a power duly adjusted and perpendicular to 
its motion at a, it will be drawn from the straight line baf, 
and revolve about s in the circle* agooa. When the body 
E arrives at'o, oc any other part of its orbit, if the small body 
M, within the sphere of e's attraction, be projected, as in the 
straight line if n, with a force perpendicular to the attraction 
of E, it will go round the body b, in the orbit m, and accom- 
pany E in its whole course round the body s. — Here s may 
represent the sun^ b the earth, and m the moon. 

If the earth at a be attracted towards the sun at s, so as. to 
fall from a to H by the force of gravity alone in the same 
time which the projectile force singly would have carried it 
from a to F ; by the combined action of those forces it will 
describe the curve ag ; and if the velocity with which E is 
• projected from a, be such as it would have acquired by fall- 
ing from A to V (the half of as,) by the force of gravity 
alone f, it will revolve round s in a circle<^— J£4?t</i. 

* If any body revolve round another in a circle, the revolv- 
ing body must be projected with a velocity equal to that, 
wmch it would have acquired by falling through half the ra- 
dius of the circle, towards the attracting body. Emerson's 
Cent. Forces^ Prop. ii. 

t A body, by the force of gravity alone,. foils Ifti feet. in 
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Prop. III. If one body revfdve round another 
(as the earth round the sun J, so as to vary Us dis- 
tance from the centre of motion, the projectile and 
centripetal forces must each be variable^ and the 
path of the revolving body will differ from a circle. 

299. Thus, if while a JE 

projectile force would Cr F A 

carry a planet from A to B 

F, the sun's attraction 
at s would bring it from 0/ 
A to H, the gravitating 
power would be too 
great for the projectile 
force ; the planet, tfaere^ 
fore, instead of pro- 
ceeding in the circle 
ABC (as in thre preced- 
ing article) would de- 
scribe the curve ao,. 
and approach nearer to 
the sun ; so being less- 
than SA. Now, as the 
centripetal force, or 
gravitating power, al- 
ways increases as the square of the planet's distance from 
the sun diminishes *, when the planet arrives at o the Cen- 
tripetal force will be increased, which will likewise increase 
the velocity of the planet, and accelerate its motion from o 
to V ; so as to cause it to describe the arcs op, pq, qr, rd, 
OT, TV, successively increasing in magnitude, in equal por-^ 
tions of time. The motion of the planet being thus accelera- 
ted, it gains such a centrifugal force, or tendency to fly off at 
T, in the line vw, as overcomes the sun*s attraction; this 
centrifugal or projectile force being too great to allow the pla^ 
net to approach nearer the sun than it is at v, or even to move 
round the sun in circle tabcd, &c. it flies off in the curve 
xzMa, with a velocity decreasing as gradually from v to a, as 
if it had returned through the arcs vt^td, dr, &c. to A, with 

-i ■ n _. . . •- ■ — — ' 

the first second of time, and acquired a velocity which will 
carry it uniformly through 32} feet in each succeeding se- 
cond. This is proved experimentally, by writers on mecha* 
nics. 
* Newton's Princip. Book III. Prop. ii. 

n5 
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the same velocity which it passed tfarongfa these arcs iir 
its motioii from a, towards v. At a the planet will hare ac- 
quved the same velocity it had at first,, and thus by the 
centrifugal and centripetal forces it will continue to move 
round s. 

Two very natural questions may here be asked ; viz* why 
the action of gravity, if it be too g^eat for the projectile 
force at o, does not draw the planet to the sun at s ? and 
why the projectile force at v, if it be too great for the cen- 
tripetal force, or gravity, -at the same point, does not cany 
the planet farther and forther from the sun, till it i» beyond 
the power of his attraction ? 

First, If the projectile force at A were such as to carry 
the planet from a to g, double the distance, in the same time 
that it was carried from a to f, it would require four * times 
as much gravity to retain it in its orbit, viz, it must fall 
through Ai in the time that the projectile force would carry it 
from A to o, otherwise it would not describe the curve aop. 
But an increase of gravity gives the planet au increase of 
velocity, and an increase of velocity, increases the projectile 
force ; therefore, the tendency of the planet to fly off from 
the curve in a tangent p m, is greater at p than at o, and 
greater at^Q than at p, and so on ; hence, while the gravita- 
ting power mcreases, the projectile power increases, so that 
the planet cannot be drawn to the sum 

Secondly, The projectile force is the greatest at, or near, 
the point v, and the gravitating power is likewise the great- 
est at that point. For if as be double of vs, the centripetal 
force at v will be four times as great as at A, being as the 
. square of the distance from the sun. If the projectile force 
at V be double of what it was at a, tlie space vw, which is 
the double of af, wiH be described in the same time that af 
was described, and the planet will be at x in that time. 
Now, if the action of gravity had been an exact counterba- 
lance for the projectile force during the time mentioned, the 
planet would have been at t mstead of x, and' it would de- 
scribe the circle, <, a, h, c, &c. ; but the projectile force being 
too powerful for the centripetal force, the planet recedes 
from thf sun at s, and ascends in the curve xzm, &c. Yet, 
it cannot fly off in a tangent in its ascent, because its velo- 
city is retarded, and consequently its projectile force is dimi- 
nished, by the action of gravity. Thus, wtren the planet ar- 
rives at 3, its tendency to fly off in a tangent z n, is just as 
much retarded, by the action of gravity as its motion was 
accelerated thereby at q,. therefore it must be retained in its 
orbit. — Keith oh the Globes, 

* Ferguson's Astronomy, Art. 163. 
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CHAPTER XII. 

CHRONOIiOGICAL SCIENCB. 
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SECTION I. 



OF TIME AND ITS PARTS. 

^ 800. Chronology is that science which treats of 
time, and shews its diflTerent measures or computa- 
tions, as they have been observed by diflTerent na- 
tions. 

By chronology we are enabled truly to date the 
beginning and end of the reigns of princes, the 
births and deaths of eminent persons, the revolu- 
tions of empires, ancl kingdoms, battles, sieges, or 
any other remarkable events. Without this useful 
science, that is to say, without distinguishing the 
times of events as clearly as the nature of the case 
will admit, history would be little better than a heap 
of confusion, destitute of light, order, or beauty. 

SOI. Time. Its usual divisions are years, months, 
weeks, days, hours, minutes, and seconds ; besides 
periods, centuries, and cycles. 

A year is the most complete period of time, 
being that in which all the seasons return in suc- 
cession, and begin anew. 

It is that space of time wherein the earth finishes 
its coarse round the sun, returning to the same point 
from which it departed. 

This consists of three hundred and sixty-five days, 
five hours, and forty-nine minutes ; and is called the 
trapicaly natural, or solar. 

But that period of time in which the sun having 
departed from any fixed star, returns to the satire 
again, is called the sidereal year, and contains three 
hundred and sixty-five days, six hours, ten minutes. 

n6 
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A lunar year is that space of time, in wKich the 
moon perfonns twaWe complete revolutions round 
the earthy called Lunations* Tjiis year contains 
three hundred and fifty.four days, eight hours, forty- 
eight minutes, and thirty. eight seconds^ 

Soth the tropical and lunar years above described^ are 
termed astronomical, as depending on the principles and ob- 
servations of astronomy. 

A civil year is the legal year, or that which each 
nation or government has appointed for common 
use. This is made to consist of a certain number 
of whole days, without any odd hours or minutes, 
to render the computation of time more easy. It 
is distinguished into common and bissextile. The 
common year consists of three hundred and sixty-Qve 
days ; and the bissextile, or leap year, which is every 
fourth, of three hund^red and sixty-six. 

Tlie addition of a day to every fourth year is to make 
the civil year keep pace with the ruUtir<d one : for the six 
hoars, or thereabouts, by which the latter exceeds the former, 
in four years make a whole day ; and therefore every leap- 
year the month of, February has twenty-nine days, which in 
the common year has but twenty-eight. 

The reformation of the calendar is called the Gregorian 
account, or New Stile ; and according to this stile was the 
calendar rectified in England in I7d2, by throwing out eleven 
days in the month of September, as from the council of Nice 
to that year, 14^ years had elapsed; and, besides the begin- 
ning of the civil year was fixed to the first day of January, 



SECTION li. 

OF TU^ FORMS OF CIVIL YEARS. 

302. There have been, and there still are, various 
forms of civil years, in different nations, four of 
which we shall here enumerate. 

I. The ancient Roman year of Romulus consisted 
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of ten months, nwaaeXv^ Mmrthis of thirty-one days, 
Aprilis of thirty. Mains of thirty-one, Junius thirty, 
Quintilis of thirty- one, Sextilis of thirty, Sep- 
iember of thirty, October of thirty-one, November of 
tikirty, Vecen^r of thirty ; in ail three hundred and 
four days. 

II. The Roman year oiNuma consisted of twelve 
months. Januarius had twenty-nine days, Februarius 
twenty-eight, Martins thirty- one, Aprilis twenty- 
nine. Mains thirty- one, Junius twenty-nine, Quin^ 
tilis thirty. one, Sextilk twenty- nine, September 
thirty-one; October twenty-nine, November twenty- 
nine, December twenty-nine; in all three hundred^ 
and fifty-five. 

The months called Quintilis and Sextilis, from their order 
in Romulus's year, were changed into Julius and Augustus, 
in honour of Julius Ceesar and his successor Augustas. 

III. The Jtdian year consists of twelve months, 
viz. January of thirty-one days, February of t\^enty- 
eight, March of thirty-one, April of thirty, 3fay of 
thirty-one, June of thirty, July of thirty-one, August 
of thirty-one, September of thirty, October of thirty- 
one, November of thirty, December of thirty-one ; 
in sdl three hundred and sixty-five. 

£very fourth year, in the Julian account, has three-hun- 
dred and sixty-six days, February then having twenty-nine, 
as we have before observed. 

The Gregorian year has the same number of months and 
days as the Julian, the only difference being that each month 
in the former begins eleven days sooner than in the latter. 

IV. The Jewish year consists of twelve months, 
Nisan or Abib has thirty days, Jiar or Zius twenty- 
nine, Siban or Sivan thirty, Thamus or Tamus 
twenty-nine, Ab thirty, Elul twenty-nine, Tisri or 
Ethanim thirty, Marchesvan or Bui twenty-nine, 
Cisleu thirty, Tebeih twenty-pine, Shebat or Sche- - 
beth twenty-nine, Adar twenty-nine; in all three 
hundred and fifty-four. 
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This IS made to a^ee witb the solar year, by adding' ele- 
ven, and sometimes twelve days. 

As tlie form of the year is various among different na«> 
tions, so likewise is its beginning. The Jews, like other na- 
tions of the East, had a civil year, which commenced wittf 
the moon in September ; and an ecclesiastical year, which 
began from the new moon in Marcb» The Persians begin 
their year in the month answering to June. The Chinese, 
and most of the Indian nations, begin it with the first moon 
in March ; and the Greeks with the new moon that happens 
next after the summer solstice. 

In England, the civil or legal year formerly commenced on 
the 25th of March, and the historical year on the first day of 
January. But since the alteration of the style, in i 752, the 
civil year, in this country, as we observed before, bas like- 
wise begun on the first of January. 

In the year of Christ 5200, there was no difference of 
styles, but there is now a difference of eleven days between 
the old style and the new^ the latter much before hand witb 
the former. 

At the diet of Hatisbon in 1700, it was decreed by the 
body of Protestants of the empire, that eleven days should 
be retrenched from the old style, in order to accommodate 
it to tKe new, and tlie same regulation has since passed into 
Sweden, Denmark, and England ; where it was established 
by 24 Geo. II. c. 23. which enacts, that the suppotation, ac- 
cording to which the year of our Lord begins on the twenty- 
fifth day of March, shall not be used from and after the last 
day of December, 1751. And that from thenceforth the first 
day of January every year shall be reckoned the first day 
of the year and that the natural day next immediately 
following the second day of September, 1752, shall be ealled 
and reckoned the 14th day of September, omitting the eleven 
intermediate days of the common calendar, and the several 
natural days succeeding the fourteenth day, shall be called 
and reckoned in numerical order. The adoption of the Gre-^ 
gorian computation accordingly took place in 1752, and is 
now i^cognized. throughout the kingdom* 
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SECTION 111^ 

OF MONTHS, WJ'.EKS, DAYS, HOURS', ANa HINUTESk 

303. The principal division of the year is into parts 
called months, which are usually twelve ; and these 
are either astronomical or civil. 
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Ittia. Ap astronomical or natural month is measured ex* 
actly by the motion of the earth or moon, and is accordingly 
either lunar or solar. 

A lunar month is the time the moon takes to revolTo 
round the earth. And thi» revolation is completed ia 
twenty-seven days, seven hoars, forty-three miQutes, aind 
eight seconds. 

A solar month is that space of time in which the earth 
measures one of the signs of the Zodiac. And as the earth con- 
stantly travels through all the twelve signs in three hundred 
and sixty-five days, five hours, and forty-nine minutes, the 
quantity of a mean solar month is found by dividing that 
number by twelve. And hence it appears that each of these 
months, one with anoUier, contains thirty days, ten honrsy 
twenty-nine minutes, and fWe seconds. 

Civil months are those which are framed to serve the uses 
of life, being made to consist of a certain number of whole 
days. 

304. January h the first month in the year among 
the western nations. The word is derived from /a* 
nuarius, a name given it by the Romans from Janu9^ 
one of their divinities, to whom they attributed two 
faces : because on the one side the first of January 
looked towards the new year, and on the other to- 
wards the old one. The word Januarius may also be 
derived from janua, a gate ; for the first month is 
as the gate of the year. Numa Pompilius made 
January the first month, Romulus' year beginning 
in the month of March. 

February is derived from Februa^ an old LatiA 
word, for, from the very foundation of the city, we 
meet with Februa for purification ; and Ftbruare, 
to purge or purify. In this month the Romans 
held a feast in behalf of the 7n€mes of the deceased ; 
and Macrobius tells us, that in this month, also, sa- 
crifices were performed^ and the last offices were 
paid to the defunct. 

March, (the third month according to our com- 
putation,) was considered as the first by some of the 
antients, and by others as the third, fourth, or fifth, 
and even the tenth month of the yeart Romultis 
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named it after his supposed father Mars, and ap- 
pointed it as the first month of the year. 

April, (ia Latin Aprilis) is derived from aperio, 
1 open ; because the earth in this months begins to 
open her bosom for the production of vegetables* 

May yihe fifth month, was called Mains by Bjomvr 
his, from respect to the senators and nobles of the 
city, who were named Majores: though others say, 
that it was so called from Maia, the mother of Mer- 
cury, to whom they ofiered sacrifice in that month. 

June, by the Remans called JunivSy in honour of 
the Roman youth, who served Romulus in war; 
some derive the word Junius^ a Junone, from Juno. 

July, is the seventh month, the word is derived 
from the Latin Julius, the surname of C Casar the 
dictator,, who was bor& in this month. Marc An- 
tony first gave this month the name of July, whidi 
was before called Quintilis, as being the fifth month 
of the year in the old Roman calendar. For the 
same reason August was called Sextilis, and Sep- 
tember,. October, November, and December, still 
retain their original names. 

August, in a general sense, implies sometl^ing 
majestic; and the appellation was first conferred on 
Octavius, by the Roman senate, then named Augus" 
ius C^Bsar, who was in this month created consul ; he 
had thrice triumphed in Rome, subdued Egypt to 
the Roman empire, and terminated the civil wars : 
on this account the month was dedicated to his ho- 
nour, and still called after his name. 

September, frcnn Septimus the seventh month, 
reckoning from March, which was the first month 
of the antienta^ The Roman senate would have 
given this month the name of Tiberius; but the 
emperor opposed it. Under other emperors it had 
other names ; but at pesent they are all disused* 
' October, the eighth month in the year of Roma- 
los's calendar, though the tenth in that of Numa, 
Julius Caesar, l^c, still retains its name. 
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November, the ninth month in the year of Roma- 
lus, (whence its name) is the eleventh of the Juliim 
year. 

December, (from Decern,) wa^t the tenth month 
of the year of Bomalns. And it is the last now 
wHh as, being the period of the winter solstice, 

A month is divided into four parts called weeks, 
each consisting of seven parts called days. Of 
these months there are thirteen in a Julian year, 
and one day over ; of weeks there are fifty>two, and 
of days three hundred and sixty*five, as before ob« 
a^ved. 

The -days of the week are Sunday, from the 
Siin; Monday, from the Moon; Tuesday, from 
Tuisco, a Saxon hero ; Wednesday, from Woden, 
the god of battle ; THURSDAY, from Thor, the god. 
of winds ; Friday, from Friga, the goddess of 
peace; and Saturday, from Sator, the god of 
freedom. 

The Romans divided their months into calends^, 
nones, and ides ;^ calling the first day of every month 
its calends. 

The Romans called the days of the week after the 
planets*:— -as diss Solis, day of the sun; dies Lutub, 
day of the moon ; dies Martis, day of Mars ; dies 
Mercurii, day of Mercury ; dies Jovis, day of Jove; 
dies Veneris, day of Venus ; dies Saturni, day of 
Saturn. 

A' True Solar Day is the time from the sun's 
leaving the meridian of any place, on any day, till 
it returns to the same meridian on the next day ; 
viz. it is the time elapsed from twelve o'clock at 
noon, on any day, till twelve o'clock at noon on the 
next day, as shewn by a correct sun-dial. 

A true solar day is subject to continoal variation, arising 
from the obliquity of the ecIiptiG, and the unequal motion 
of the earth in its orbit; the duration thereof sometimes ex- 
ceedS) 9t others, falls short, of twenty-four hours, and the 
variation is the greatest about the first of November, when 
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the trae solar day it W 15" less than twentj-foar hours, 
as shewn by a well reflated clook; 

A mean Solar Day is measured by equal motion, 
as by a clock or time-piece, and consists of twenty- 
four hours. There are in the course of a year as 
many mean solar days as there are true solar days, 
the clock beinff as mych faster than the sun-dial on 
some days of the year, as the sun-dial is faster than 
thc^ clocK on others. 

Thus the clock is faster than the sun-dial from the twenty- 
fourth of December to the fifteenth of April, and from the 
sixteenth of June to the thirty-first of August : but from the 
fifteenth of April, to the sixteenth of June, and from the 
thirty-first of August to the twenty-fourth of December, the 
sun-dial is faster than the clock. When the clock is faster 
than the sun-dial, the true solar day exceeds twenty-four 
hours ; and when the sun-dial is faster than the clock, the 
true solar day is less than twenty-four hours ; but when the 
clock and the sun-dial agree, viz. aboot the fifteenth of 
April, sixteenth of June, thirty-first of August, and twenty-' 
fourth of Decem)>er, the true solar day is exactly twenty-four 
hours. 

The Astronomical Day, is reckoned frqm noon 
to noon, and consists of twenty-four hours. This 
is called a natural day, being of the same length 
in all latitudes. 

The Artificial Day is the time elapsed between 
the sun's rising and setting, and jis variable accord- 
ing to the dififerent latitudes of places. 

The Civil Day, like the astronomical or natural 
consists of twenty-four hours, but begins differently 
in different nations. 

The ancient Babylonians, Persians, Syrians, and most of 
the eastern nations, began their day at sun-rising. The an- 
cient Athenians, the Jews, &c. began their day at sun-set- 
ting, which custom is followed by modern Austrians, Bohe- 
mians, Silecians, Italians, Chinese, &c. The Arabians begin 
their day at noon, like the modern astronomers. The anci- 
ent Egyptians, Romans, &c. began their day at midnight, 
and this method is followed by the English, French, Germans , 
Dutch, Spanish, and Portuguese. 

A Sidereal Day is the interval of time from the 
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passage of any fixed star over the meridian^ till it 
retains to it again: or, it is the time which tjie 
earth takes to revolve once round its axis^ and con- 
sists of twenty-three hours, fifty-six minutes, four 
seconds, of mean solar time* 

In elementary books of astronomy and the globes, tlie 
learner is generally told that the earth turns on its axis from 
west to east in twenty-foar hours ; but the truth is, that it 
tarns on its axis in twenty-three hours, fifty-six minutes, four 
seconds, making about three hundred and sixty-six revolu- 
tions in three hundred and sixty-five days, or a year. The 
natural day would always consist of twenty-three hours, fifty* 
kix minutes, four seconds, instead of twenty-four hours, if the 
earth had no other motion than that on its axis ; but while 
the earth has revolved eastward once round its axis, it has^ 
advanced nearly one degree * eastward on its orbit. To il- 
lustrate this, suppose the sun to be upon any particular me- 
ridian at twelve o'clock, on any day ; in twenty-three hours, 
fifty-six minutes^ four seconds afte|:wards the earth will have 
pertbrmed one entire revolution* but it will at the same 
time have advanced nearly one degree eastward, in its orbit, 
and consequently that meridian wbicl^ was opposite to the 
sun the day before, will now be one degree westward of 
it; therefore the earth must perform something more than 
one revolution before the sun appears again on the same me- 
ridian ; so that the time from the sun's being on the meridian 
on any day, to its appearance on the same meridian the next 
day, is twenty-four hours. 

Ides, (idus) in the Roman calendar, a denomina* 
tion given to eight days in each month ; commencing 
in the months of March, May, July, and October^ 
on the fifteenth day, and in the other months, on 
the thirteenth day ; and reckoned backward^ so as 



* The earth goes round the sun in 365i days nearly ; and 
the ecliptic, which is the earth's path round the sun, consists 
of 360 degrees ; hence by the rule of three, 365i D : deg. : : 
ID: 59' 8". 2, the daily mean motion of the earth in its 
orbit, or the t^arerU mean motion of the sun in a day. 
Hence a clock, or chronometer, the index of which performs 
an exact circuit whilst the earth (or the meridian of an ob- 
server) moves over 360^ 59' 8". 2 is said to be adjusted to 
mean solar time. 
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in the four months above specified to terminate oa 
the eighth day, and in the rest on the sixth. The 
Ides came between the caiends and the nones. 

The fifteenth day, in March, May, Jaly, and October, and 
the thirteenth in the other months, was called the Ides of 
these months ; Idus Marti, Idut Matty &c. Tbe thirteenth 
day in the four months, and the eleventh in the eighth, was 
called the tlurd of the Ides of such months, third Idus Mar^ 
tiiy &c. So the twelfth day in the four, and the tenth day in 
the eight months, were the fourth of the Ides, fourth Idus^ 
Martiiy &c. Aud thus of the rest, to the eighth and sixth 
days, which made the eighth of the Ides, eight Idus Martiiy 
&c. 

This way of accounting is still in use, in the Roman chan- 
cery, and in the calendar of the breviary. The Ides of May 
were consecrated to Mercury ; the Ides of March were ever 
esteemed unhappy, after Caesar's murder on that day; the 
time after the Ides of June was reckoned fortunate for those 
who entered into matrimony : the Ides of August were con^ 
secrated to Diana, and were observed as a feast day by the 
slaves. On the Ides of September auguries were taken for 
appointing the magistrates, who formerly entered into their 
offices on the Ides of May, afterwards on those of March. 

Calends, {CaUndcs) in the Roman chronology,, 
the first day of every month. 

The word is formed from the Latin calo^. or rather, Greek, 
I call, or proclaim ; because, before the publication of the 
Koman fast, it was one of the offices of the Pontifices to 
watch tiie appearance of the new moon, and give notice to 
the Rex Saerificuhis ; upon which a sacrifice being oifeied* 
the pontiff summoned the people together in the capital, ami 
there with a loud voice proclaimed the number of calends, or 
the day whereon the nones would be; which he did by 
repeating 4his formula, as often as they were days of ca- 
lends, Calo, JunOf Novella, Whence the name Calenda was 
given thereto, from calo ealare. This is the account given by 
VaiTQ» 

Nones, {Non€B) in the Roman calendar, the fifth 
day of the months January, February, April, June, 
August, September, November, and December, and 
the seventh of March, May, July, and October* 
These four last months having six days before the 
Nones, and the other only four. 
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, The word apparently has its rise hence, that the day of the 
Nones was nine days before the Ides^ and might be called 
N<mo IdxLS, 

March, May, July, and October, had six days in their 
Nones; because these alone, in the antient constitution 
of the year by Numa, had thirty-one days each, the rest 
having only twenty-nine, and February tiiirty. But when 
Caesar reformed the year, and made other months contain 
thirty-one days, he did not likewise aUow them six days of 
Nones.' 

An hour is tbe twenty-fonrth part of a natural 
day. 

Different people reckon the hours in a different manner. 
Babyloiush hours are those which are counted from sun- 
rising in a continued series of twenty-four. European hours 
are those counted from midnight, twelve from thence to nooo, 
and from noon to midnight twelve more. Those which com- 
mence their order from noon are called astronomical^ because 
"ttsed by astronomers. 

The Jews, Chaldeans, Arabs, and other eastern 
people, divide their hoars into a thotisand axid eighty 
^cruplesj eighteen whereof are equal to our minute. 



SECTION IV. 

OF CYCLES, EPACTS, &C« 

^05. A CvoLKis a circle of years, months, and days, 
used by chronologers, to signify a perpetual round 
or circulation of the same parts ot time, proceed- 
ing orderly from first to last, and recurring again 
from last to first, successively, and without interrup- 
tion. 

As the annual motion of the sun, and other heavenly 
bodies, cannot be measured exactly without any remainder 
of minutes, seconds, &c. to swallow up these fractions in 
whole numbers, that is such as only express days and years, 
qfcle» have been invented; which, comprehending several 
rev<rfutions of the same body, replace it, after a certain nnm- 



286 Chronological Science, 

ber of years, in the samB point of the beavens whence it first 
departed ; -or which -is the same thing, in the same place of 
the civil calendar. 

The most famous cycles are, the Cycle of the 
Moon, the Cycle of the Sun, and the Cycle of In- 
diction. 

The cycle of the moon, or lunar cycle, called also the Meto- 
nic cycle, from its inventor Meton, an Athenian, is a circle or 
revolution of nineteen years, in which time the new and fall 
moons are supposed to return to the same day of the month 
in the Julian calendar. 

"^e cycle of the sun, or solar cycle, is a revolution of 
twenty-eight years. When these are elapsed, (lie Dominical, 
or Sunday Letters, in the calendar, return into their former 
place, and proceed in the same order as before. It is from 
these Simday Letters, and not for any regard for the sun's 
coarse, that the cycle has obtained its name. 

TTie cycle of Indiction is a circle or revolation of 
fifteen years, which when expired begins anow, and 
goes roand again without intermission. 

This cycle has no relation to the celestial motions, but 
was made use of by the Romans to make known the time of 
paying certain taxes, or for other civil purposes. 

The popes have dated their bulls by the year oUhe indiction 
ever since the time of Charlemagne. 

The prime or golden number is a revolution of 
nin€iteen years, and is that particular number which 
shews the year of the lunar -cyle, for any given year. 
Hence to find the year of the lunar cyle is to find 
tlie golden number. 

Tlie numbers are called golden, because, being of exoellent 
osc, they were expressed in ancient calendars by %ures of 
gold. 

Illus, 1. The solar cycle consists of twenty-eight years, 
when the sun returns to the sign of the ecliptic which he had 
occupied at the conclusion of the preceding period, and the 
days of the week correspond to the same days of the month 
as at that time. 

2. The first year of the Christian era corresponds to the 
ninth of the solar cycle : if therefore 91)0 added to the year 
1814, and the sum be divided by 28, the quotient denotes Ihe 
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number of the revolutions of the cycle since the ninth year 
before Christ, and the remainder will be the year of the cyde. 
Example for the year 1814: ' 

1814 + 9 1823 

= = 65,1 

28 J28 

Therefore there have been 65 complete solar cycles, and 
the year of the cycle for 1814 is 3. 

3. The cycle of Roman indiction consist of fifteen years, 
and the first year of it corresponds to the third year before 
the Christian era. 

4. To find the year of the Roman indiction, add 3 to the 
year 1814, and divide by 15 ; the quotient gives the number 
of cycles since the third year before Christ, and the remain- 
xler is the year of the cycle. 

Example for the year 1814 : 

1814 + 3 1817 

= =121?, 

15 15 

Therefore there have been 121 complete cycles, and the year 
1814 is the second year of the cycle. Had there been no re- 
mainder in this and the foregoing examples, then the golden 
number would have been 19 : the solar cycle 28 ; and the 
Roman indiction 15. 

5. The dominical, or Sunday letter in the Almanack, is thus 
found, the days of the weeks are named A, B, C, D, E, F, G, 
and A is always put for the first day of the year, B for the 
second, &c. In the year 1814 the first day being Saturday, 
or A ; the second, or Sunday, will be marked B : of course 
the Dominical letter is B. 

6. The golden number, or year of the lunar cy^le, is found 
by adding 1 to the present year, and dividing by 19, the 
quotient shows the number of cycles which have revolved 
since the Christian era, and the remainder is the golden 
number for the given year. 

Example for the year 1814 : to the year I add 1 and di- 
vide by 19, 1815 

— — — — :^ 95xj^ 

19 

Therefore there have been ninety-five complete cycles since 
the birth of Christ, and the golden number for the year 1814 
is ten. 

Epacts are, as the word implies, added numbers; 
that is, a number of days added to the lunar year, 
to make it equal to the solar year. 
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The solar year has 365 days, and almost six hours; 
and the lunar year 354 days, and upwards of eight 
hours. The difference is the epact. Now as this 
difference is not much short of eleven days^ it was 
•made the epact of the first year of the lunar cycle* 



SECTION V. 

PERZOnS OF TIME, ^.RAS, CENtlJRlES, &C. 

306. A PERIOD is a series, or circle, of a certain 
number of years, used for measuring or computing 
time. Of these there are several, most of which take 
their names from the persons who invented them. 

Of the Mefomc period, or lunar cycle oiVdye^rs, 
itis needless to say any thing more. It has been suf- 
ficiently explained. 

The CaKppic period, so called from its inventor 
Calippus, is a series of 76 years, which being 
elapsed, Calippus supposed, that the new and fall 
moons would return to the same day of the solar 
year. This was intended as an improvement of the 
Metonic period. 

The Victorian period is a series of 532 years, 
arising from the cycles of the sun and moon multiplied 
into one another. 

It was invented by Victorius, a French Clergyman, about 
the middle of the fifth century, and used by the western 
churches for many ages, in computing the time of Easter, till 
the Gregorian reformalion of tlic calendar. 

The famous Julian period is a series of 7980 
years, arising from the multiplication of the cycles 
of the sun, moon, and indiction into one another. 

This period h said to have been invented by Joseph Sea- 
liger; and is called Julian as being adapted to the Julian 
year. As it commences before the Creation, and still wants 
about 1500 years of beingcoropleted, it therefore comprehends 
all other cycles, periods, and epochas, and, in short, tbo 
times of all actions and events, from the beginning of the 
world. 
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An Epocha, or JEra, is a certain fixed point of 
time^ made famous by some remarkable event; from 
whence^ as from a root« the ensuing years £|re num- 
bered or computed. 

. As there is no astronomical consideration to render one 
epocha preferable to another, their constitution is purely, 
arbitrary, and therefore various epoclias have been used at 
different tunes, and among different nations. 

The Christian Epocha commences on the 25th of 
December^ or the 1st of January. But in those 
countries wliich observe the Julian calendar* it com- 
mences on the 25th of ])larcb* 

The author of this way of computing from Chriflt, was Dio- 
nysius Exiguns, a Roman abbot, who iive<i about the begin- 
ing of the sixth century. 

The Epoeha of the Creation, according to the 
Jewish computation^ is the year of the Julian 
period 953, answering to the year of Christ 3761 ; 
and commencing on the 7th of October. Hence, if 
we subtract 952 from any given year of the Julian 

Seriod, the refnainderisthe corresponding year of the 
ewish epocha of the creation. 
The Epocha of the Olympiads, used principally by 
the Greeks, is famous in ancient history. 

It took its rise from the Olympic games, which were cele- 
brated at the beginning of every fifth year, near Olympia, a 
city of £lis, in Peloponnesus. An Olympiad, therefore, was 
a period of four years ; and by these periods the Greeks 
reckoned their time, the year in which the g^mes were cele-^ 
brated being the first year of the Olympiad. 

The beginning of the first Olympiad i& referred to the year 
of the Julian period 3031, or 776 years before Christ. 

The Epocha of the Building of Rome, was the 
principal one among the Romans. This Epocha is- 
the year of the Julian period 3961, and answers to 
the year 752 before Christ, commencing on the 21sjt 
of April. 

The JDiocksian Epocha, or epocha of the Mar^' 
tyrs, commences in the year of Christ 284, ajid that 

VOL.. I. O 



290 ChrgnqlqgiecLf Science. 

of the Jalism period 4997. It obtained its name from 
the great number of Christians who suffered mar- 
tyrdom in the reign of the emperor Dioclesian. 

The Epocha of theHegira is used by the Turks. 
Arab;s> and pthers who profess the Mahometan 
faith. It commences o^ the 16th of Jnlyj in the year 
of:.Cbri^t 6^ ,and of the Julian period 5$3f>. 

Th^ word A^'ra, sig^i^et^^^/i/ ; the evept which gave occa- 
sion tP thi^ ^ppcl^ia be|ngMahoinet*s flight from Mecca. . The 
magistrates of that city, finding that his imposture tended to 
distarb the public peace* wer^ determined to «fut. off the 
authoi; of it, tp pr^vei^Lt the further spreading, pf thp mischief 
But MiUiotpe^ ^a\ing tiinely notice of their design^ iledbjf 
night to Medina, another city of Arabia, in the i^ea'r of our 
Lord, abpve, mentioned : and this is the principal sera from 
which, the Mahometans compute their time« 

A Centwy^ or jin ^99* is ^ course of an hundred 
years. 

A Lustrum is 9. space<pf five years, used by the 
Romans, at th^ ^nd pf wbich a review of the people 
was made, first by the Kings, then by the consuls, 
but after the.year olO by th.e censors, who were ma- ' 
gistrates created for,tliat,'yery purpose. 

After ihQfi€n9vs wa^finishe^i. aq.^xpiatoi^ orpuritjing sacri- 
fice was made, cqnsisting of ^ sow, a sheep, and a bull, whicb 
was carried round the.whole assembly, and then slain: and 
thus the people were said to be purified *. And because this 
was done at t)ie end of every fifth year, hence Instrttm is often 
put for tbe space of five years, especially by the poets, 

At ^ycr^y. luftrum the senate itself was reviewed by one of 
the censors i and if any one, by his behaviour, had rendered 
himself unworthy of that high rank, or had'sunk his fbrtane 
beloW that of a senator, his name was passed over by the 
censor in reading the rcdl of senators; and thus he was held 
to be excluded from the senate f. 

A' jubilee is a periodical festivity, or public 
rejoicing, on account of some remarkable event, or 
in memory of some eminent person* 

According to 4h#aera by which we reckon, we date -the 
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lime of cvefy jBemorable iraosfMsUon^^, Jk,. M.:4'>9¥?. WvfuK, 
in the iyeai of tbo wodd. A. D. . Armo Domni, in the j^ear of * 
OtirLord. A, C. Ante Chrishimy before Christ; and some- 
times B.C. is put for before Christ A. lE. C. ^imo JS^m* I 
CkHsHaiUBy in tiie year of the CimatHin 9Br». , A. U. .C. Jlnwa 
(7r6w CondiUBf in thd Year jof tjie buiidifig of 'Ae city gf 
Rome; or A. Ab..U. C. in the ¥ear.of ,tb^ bujlding.pf thecjfty ; " 
and:<so oftheiotherepoolits.. . • r 



CHAPTER XIIL 

HBRALDRY. 



INTR0DUCTI0K« 

307. THEiScieiMie ofiheraldfy opnsiaUinblazoi^jflg 
and marshalling curms* The^ word, i/ozont?)^ is bor- 
rowed from tb0. French ^whUizoner ; and signifies disr 
playing or explaining the several emblems and co- 
lours of an achieyement in proper terips. 

Tho blazoning of the arms Of getatiemen, esquires, knights, 
andbaropetSy is dei^ived fr^n^ metals and, coloarsf: those of 
bs^rons, yis€ounts, ea^ls/marquisses^'and dukes, from pre- 
cious stories ; and those of princ^Si kings, and emperors, fronii. 
fiie planets. 

Marshalling is the orderly dispositipi^ of, several coats of 
arms, belonging originally to different families, within one 
shield or escoebeon,. together witii all 'the proper armorial 
ensigns, ornaments, and decorations. We will in thjs chap- 
ter ^*«^ notice the four great orders of British knighthood; 
secmidly, we will explain Ibe various heraldic terms. 
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SECTION I. 

BRITISH ORDI^RS OF KNIGUTHOOD, ARB^ 

1,^ Order of the Garter. 

308*. This orc|e^ is ipifitary, and was instituted by 
Edward III.« in 1344, undW the title of the Sove- 

o2 



teign, and Knights-companions of the most noble 
order of the Garter. Some alterations were made in 
1357, and 1788. 

It consis(ts of twenty-six knights or companions, generaUy 
peers or princes ; of whom tbe king of Enghuicl is soTcreign 
or chief. They are a corporation, having a great and little 
seal ; and their chief officers are, a prelate, chancellor, regis- 
ter, king-at-arms, and usher. ^They have also a dean, twelve 
canons, petty canons, vergers, and twenty-six pensioners, or 
poor knights. The order is under the patronage of St» George 
of Cappadocia, the tutelar saint of this kingdom. Their 
college is hdd in Windsor Castle, within the chapel of Si. 
George, and the chapter-bouse, erected by the founder for that 
parpose. 

Various are the accounts of the origin of this order. The 
popular tradition is, that it was erected in honour of a garter 
which fell from the knee of the Countess of Salisbury, and 
which £dwar4 picked up and presented to her with these 
Words, Hani soit qui fnul ypmie. This idea is derided by the 
antiquarians, Gatftdeii aiMiFem, who ehoose rather to6aA 
its birth^plftce the victory of Cressy. 

Hve habit and ensigns of the order consists of a iwrcoat^gmr^ 
ter, mantle, hood, george, cap, and feathers, 

2. The Order of the Thistle. 

809. This order, iastitated by Achains, king of 
Scotland, in 787, was restored by James V. 1540, re- 
vived by king James II. in 1687, and re-established 
by queen Anne, in 1703. It is therefore far more 
ancient than the order of the Garter. 

. It consists of the sovereign and twelve brethren or knighl*, 
making in tbe whole thirteen, and four officers. The star is 
worn on the left side of the co&t or cloak, and consists of 
a St. Andrew's cross, of silver embroidery, with raya going 
out between the points of the cross ; on the middle a thbtle 
of gold and green upon a field of green, and lonnd the 
thistle and field a circle of gold, having on it the foUowinj^ 
motto, in green letters : nemo he impune lac ess it, (no man 
provokes me with impunity.) The badge or jewel worn 
penJtant to a green riband over the left shouMer, and tied 
under the arm, consists of the image of St. Andrew, with the 
cross before, enamelled and chased on rays of gold, the cross 
and feet resting upon a ground of enamelled green ; and on 
the back enamelled on a green ground^ a thistle gdd and 
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green, the flower reddish, with the aboTe motto roand it. 
The collar is composed of thistles, and sprigs of rae inters- 
persed, and from the centre is suspended me image of St. 
Andrew^ the whole being of gold enamelled. 

3. The Order of the Bath. 

310. Institated in Englsftid at tbe eoronation of 
Henry IV. 1339, and revived by George I. was ^ 
made a statutable order in 1725. Tbe number of the ' 
knights is at the sovereign pleasure. 

The badge or ensign of this order is aroie, thistle^ and sham- 
rock, issuing from a sceptre between three imperial crowns, 
surrounded with this motto, tria juncta in uno, signifying 
the three theological virtues, faith, hope, aad charity. The 
whole is of pure gold, chased and pierced, and is worn by the 
knight elect, pendant from a red riband across the right 
shoulder, Tbe collar is of gold, composed of nine imperial 
crownSy eight roses, thistles, and shamrocks issuing fronr a 
«cq>tre, enamelled in their proper colours, and linked toge- 
ther with seventeen gold knots, enamelled white. The star 
oOBsists of three imperial crowns of gold, surrounded by the 
motto upon a ciide of red, with silver rays issuing from the 
centre, forming a star, and is embroidered on the left side of 
the upper garment No knight elect can wear either the 
collar or star before his installation, without leave from the 
sovereign. 

4. The Order of St. Patrick. 

311. This order was instituted by George III. in 
1783. It consists of the sovereign, a grand master, a 
prince of the blood royal> ^nd thirteen knights, mak- 
ing in the whole sixteen, and seven officers. The lord 
lieutenant for the time being is the grand master. 

The star is changed with three imperial crowns of gold, 
within a circle of gold, with the motto, quis sbparabit, 
MDCCLXXX1II. the whole surrounded with eight rays of silver, 
and is embroidered on the left side of the coat or cloak. The 
colhir is of pure gold, composed of six harps and five roses, 
alternately joined together by five knots. In tbe centre 
before is a crgwn, from which is suspended the badge or jewel 
of the order, of gold enomeUed^ which (the rays excepted) is 
similar to the star. 

03 
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SECTION II. 

TITLEB OF HONOUR, <ND HERALDic TERMS A'i,PBABI 



312. Titles were not common among the anctenl 
Oi'6eks dnd Romans. In the reign- of Const^line 
the tiHii fif ilhietHoUs vaa neve* given 'exeept' to 
' ^ose distiagaished in armi or letters r but in pro- 
cess of time it became hereditary in the families of 
princes; aifd every son ofa prince was illustrious. 

y glveik onlr to -fcioKi. 
II MHotrr Vm. were 
Stnde'tlMt -period (hej 

title ts sfnplj, Idug ^ 
hatl-Uirifitle iH'Um^rf 
in bad a'wlioleipBLKe o[ 
s 'aod ' terrilmier be ii 
led bimself At'nj^ oft\t 

a took that of king ^ 



Sieily, 

Tue popo that of H<dintu ; a cardinal ptince of tbe bkiod, 
royal Jaglmt»i,or tnod teraie highneu ; other cardinal princef, 
' niiM tminent kiglmtit; iurchbiijllop', grace aifd MMt rteerendt 
- ^h^hopi right rcMt-enif : abbotn Bn3pne8tB,mcmul. 

Ad Lmperor has'the title ikimjiai^ majut^ ^ItiaAl^aX of 
majeity; tbe king of France is hii CKri'ituM,' Ihe'lkiB^ of 
Spain hi^ ciiihoUc vmjtity ; and the king of England ia di- 
■ Jhid»)-rf the faith. , , 

The enlperor of Turkey is grcnrf "Sfgwor,, the prince of 
'VI elei, royal highneti; anambajsador'is JliVnrnl/raey. But 
a Clilnese sovcmpi iA^on o/'AediMi. 

An Abatement\ie.cas\iBimi!tk aimexedtbacoatof armonr, 
to a'nndiince sbme dlahoilonrable act of the bearer. 

An Jc/ii>ii^ihfnf is coinposed Df'tlittdueldor«lMOofaeoii, tbe 
niantle, helmet, and crest. 

A Hat^htnent H the arms i)f a pCnon deceased, painted and 
affixed to bis iresid^Dce. 

Hatchments ate diO^rendy formed,' Accordins to tbeo<mdi- 
tion of tbe deceased. . . 

Thus, a Bachtlor has his arms single or quartered, bat 
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never impaled ; the hatchment bears a crest, and the ground 
without tiie escdcheon black. , 

A SitigU Woman has her arms placed in a^ lozenge, single or 
quartered, with the ground black, and a shell instead of a 
crest. JBnsi^ned on the hearse with a knot of ribands. , 

^omWil^anhas wife's arms impaled with his qwn, with 
the ground black on his side of the hatchment, and white on 
hers, to distinguish the dead from the living. 

A Wife, her arms as before on the ground on her side,' black, 
'and white on, her husbands ; has a ^ell instead of a cr^st. 

A Widower^ has his arms impaled with those of his wife, 
ground all black with a crest. 

A' Widow has her arms impaled with her husbands. Within 
a lozenge shield ; has ground all black, with a shell instead 
of a crest. . 

When the dece!Csed is the lasi of a family, instead of a 
crest or shell, a.death's head is used, thud significantly de- 
noting the' uriiTfersal (empiiie of tli^' king of terrors; The little 
shiel^ds placed on the fbrehearfs of horses 'drawing liearses' are 
' c$ii\6i cnape'rotteg, 

t Atmsy are all those figures and, characters wjth which the 
, , field of the.es(COcheoil is charged, and they express the degree, 
merit, and quality otihe originarbearers, . 

AiigmentativTis, given as particular marks' of honour, are ad- 
ditional charges borne on an elscocheon. 

Baron is derived from the Latin &ara,iwhicih: was 
ti'sed in' the pare age of 'thM langtmge for t^er, a 
^ viBiliaiilrinan ; wlDsuce tboi^^placed next the^king in 
battle, wer6 csilted Scziron^v, as^beingiihe biiarv^tmeu 
' in the-'staiy;" and as' princes firequeptly. rewarded the 
' 'bravery and fidelity of tbose about them, the word 
wasusied f6r ally hobl^ ^terson whti held a fee imme- 
diately from the king. 

• 1Ta^oti?lii more >pkrticiUlarly used in England for a lord, or 
■ peer of th(ft Mwest Class \ or ^a degree of noMMty next below 
^ thiit bf It viscount, and sl^ovcthatof a knight, ©r baronet. 
I Barohs are lords' li^f parliament; atid peers of the realm, and 

enjoy all the pfiHl)ege» thereof. The 6&r(fmt'(f a haran has 

only four ptarlt, 

BurQnet is ^ djgji^ityv or. degree of h.<;M2onr next 
below a baron, and above a knight: a bairpnet 
has pr^^deney of) dlknights, except thosj6 of the 
Garter. 
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The dignity of biuronet is given by patent, and u the lowest 
degree of hereditary honour. The order was fonnded liy 
James I. instead of knights bannerets. They had consider- 
able privileges given them. Baronets take place according 
to the dates of tiieir patents. 

A Bey is a governor of a country^ or town in the 
Turkish empire. 

Charges are those things which possess the field 
whether natural^ artificial vegetable, or sensitive. 

Common Charges consist of men» angels, birds, 
beasts^ fishes, &c. 

Clarencieux, Kimnit^arms, so named from Cla- 
rence, third son of Edward III. 

His office is to marshall the fanerals of the lower nobility 
on the south of the Trent Hence the Clarencieux Southroy 
or <9zirroy and Northray^ox Notroy^ — ^being provincial heralds. 

A Commoner never can impale his arms witii 
those of one of title. They are always placed on 
separate shields. 

A Coronet or crown, more ancient than the helmet, 
was invented in token of triumph. 

Those most in use are of ten sorts, viz. crowns, 
coronets, mitres, helmets, mantlings, chapeaux, 
wreaths, crests, scrolls, and supporters. 

Crowns^ ornaments for the head, appropriated in the pre- 
sent day to emperors and kings only, were only diadems, 
bands, or fillets among the Greeks. The Romans had variona 
crowns to reward martial exploits and extraordinaiy services 
done the republic. 

The crown of the king of Great Britain is a circle of gold 
bordered with pearls and precious stones, and heighteped up 
with four crosses pattee, and four fleurs-de-lis, alternately ; 
from them rise four arched diadems adorned with pearls wbioh 
dose under a mound surmounted by a cross like those on the 
circle. 

The coronet of ^he prince of Wales resembles the king's 
except that it is closed with one arch only, adorned with 
pearls. 

A ducal coronet is a drcle of gold bordered witii ermine, 
enriched with precious stones and pearls, and set round wiih 
eight large strawberry or parsley leaves. 

A marquis's coronet is a circle of gold, with ermine, set 
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round witii four strawiberiT leaves, and at manj pearls on 
flfrmmdieei^miM on equal points alternate. 

An earFs coronet is a circle of gold, bordered ivith ermine, 
and heightened ap with eight /wraimWica/^ points or rays, on 
the tops of which are as many large pearls, and are placed 
alternately with as many strawberry leaves, but the pearls 
much higher than the leaves. ^ 

The eldest sons of peers above the degree of a baron, use 
the coronet belonging to their father's second titie, and bear 
his arms and supporters with a label ; and all the younger 
sons bear the same arms with the proper difference ; but 
without coronets. 

The helmets of sovereigns were of burnished gold, da- 
masked ; those of princes and lords, of silver figured with 
gold ; those of knights, of steel adorned with silver ; and those 
of private gentlemen^ of polished steel. 

Those of the king, royal family, and noblemen of Great 
Britain are open-faced and grated, and the number of bars 
denotes the wearer's quality : thus the king's helmet has six 
b^ars ; dnkes and marquisses five ; and all other peers only 
four. The open helmet wfdiout bars belongs to- baronets and 
knightff, and the closed helmets to esquires and gentlem^^. 

The chapeau is an ancient hat or cap of dignity, worn by 
dukes ; generally of scarlet velvet on the outside, lined, and 
turned up with ermine; it is frequently painted above a 
helmet, instead of a wreath, under noblemen's and gentte- 
men's crests. 

Counts* English counts are distinguished by the 
title of earls ; bat those of other coantries retain 
their proper name. The dignity of count is betweea 
that of duke and baron. 

Under Charlemagne aU generals, counsellors, judges, and 
secretaries of cities were counts ; the characteristic of a duke 
and a count was, that the latter had but (me town under him, 
but the former «eoera/. In the Roman commonwealth, comites 
was a general name for those who accompanied the pro- 
consuls and pro^praeters into the provinces. Under the em- 
perors the eomitet were officers of the palace. Counts seem 
to derive their origin from Augustus, who took several sena- 
tors to accompany him in his voyages and travels, and to 
assist him in bearing causes, which were determined with 
the same authority as in full senate. Gallienus abolished 
this council. Constantino converted the title count into a 
dignity.' The name once established, was soon conferred 
on most officers. Under the last of the second race of French* 

06' 
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kitigri, ffie AT^ft/wf^s reridaf eiriiet^dft^*, "Aid ^'fteb usttrped 
the sovcreienty.^'whenHn^fi Caj^et cairi6* tor the? crown r His 
■'tfithoVity^s n&t^ strfficlcnt tb bppd«e tftie^ 'ifhdrbaitilrthciits of 
tlie countg, and heiice the'prlvif^ge df'*^rtlir^ 'cfaflronets 
in tfieir arms is dated. ^ They assuitted it' ^^ ^enjoying the 
i^igE^ of sovereigns in ttieir districts/. But 'by degrees, 
most of the counties became xinited to thd'i^rown. 

. \ Crfist, the most elevated part of the head-Wmour, 
is derived fiNjm crista, a cock's comb. 

It w as originally a protection' from thf^' dAse iif 'the" sword, 
when aimed .^^th^ upper part of the skull; 1 he kfJights who 
c^lebratetf jousts' or tournaprients\Jorfepilumes'Af the heron 
and ostrich feathers, with crests of various inatirials. 

Czar, a Russian title given to an emperor. ' Czar 
or Tz^ar is a corrtiption of Caesar. 

Dey, the title of the Al^erine -sovereigrr, denotes 
uncle* T^e emperor is father, the e'mpire mother, 
the dey is brother of the^ empire^ and consequently 
uncle. 

HheDoge of Venice is the chief magistrate, and 
his title is equivalent to duke. 

Duke is a title of nobility next below a prince. 

In England, during the Saxons, the officers and com- 
. manders. qf.armiei^ were calle^ c^u^^,. after the manner of 
the ancient Ropians Dua^-biices. After th6 Conqueror's time 
the title lay dormant, till Edward in. created his son, Ed- 
ward, diike of Comwalt. More dukes were afterwards made, 
whose titles descended to posterity. 

The dukes of our days retain nothing of their ancient 
splendour or sovereignty but the coronet on their escocbeon. 
They are created by patent, cincture of the sword, mantle 
of state,' imposition of a cap, and coronet of f^dld on the 
head, and a verge of gold in their hand. The eldest sons of 
dukes are, by courtesy, styled marquis^et, and the younger 
lortis, A duke has the title of grace ; and, beittg written to, 
is styled, in the herald*s language, most high, potent, and 
noble pnnce. Dukes of th^bloiod royal are niott hiffh, most 
mighty, and iUustrious princes* The coronet of Sl duke is di»> 
-tiuguished by being adorned with strawberry leaves. 

Earl is an English title of honour next below a 
marquis, and above a viscount. Earls wereanciently 
attendants of the king in his councils, and martial 
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.» ' traJbf^seDf Bome. . Hen^, also^ ?cifl^ &!<? callied in 
Latin comites ;Jp FrenQh comtes^ 8ic. 

. :• Tb^iS<ejcmans. call, th^m grfl»^, as landgray,e, margraVc, 
:: : pateiP't^y^, $(p> the Saxons, eo^a^nen: the' X^'anes, ^arZ^; 
: and th^; £i)glk4^^>f ar{f. T)^e . title^ died with the possessor 
, ( ^iil.WJillMm the ceivqiueror madait hereditary, ghing it in fee 
> >iito;:his Ilphle9^ and i^nnexing to^^t a shire or county^ Earls 
: siM'e op.w created by charter, without any particular relation to 
•n: connti^^^ ai|d without any profit except some honorary 
stipend out of the exchequer. An earl is created by cinc- 
ture of sword, mantle, a cap, and s^ coronet put on his head, 
. and a charter in his hand. They are styled our cousins by 
1 lie king. Their- title iSf mast fiobk and potent Lord. The 
coronet of an earl has the pearla raised above the leaves. 

Earl-marshal, — one of the great officers of the 
crown,takes cognizance of all matters touching honour 

. and arms; determines all questions' and' differences 
that arise betw^en heralds and other persons, con- 
cerning pedigrees,, honour, arms, crests^ supporters, 

' and armorial ensigns 

He hears a staff of gold tipped with* black, having the 
king's arms enanielled on one end, and his own at the other, 
and takes his place With the iord great chaml>erlain. Assist- 
^ hy.the kings and heralds, he marshals and orders the 
proclamation and coronation* of kings ; marriages, christen- 
ings,, funeral ob3equies, cavalcades^ royal interviews and 
feasts. 

Emperor, among the Bomans signified a general 
of an army ; afterwards it denoted an absolute mo- 
narch. If, is .pretended that the iinp^riardignity is 
more eminent than, the r$gaj; tbe greatest and most 
absolute monarchs, however, as those of Babylon, 
Persia, Assyria, and Egypt, "w^te kings. 

In the east, the title and quality of an emperor are more 
frequent than in. the we^t. In. 1723 thfs c^r of Muscovy 
asRumed the title Of emperor of Rnstit^. Tbc king of tSngland 
had anciently the title of. ewq>eror, as appear/! frona' a charter 
of king Edgar. ThecroXvn of England has been declared 
in paruamenf, an imperial crowof. iBAd since the union with' 
. Jrelancl, parliament is styled an *' imperial parliament.** 

,. ^r9itW signifies black ;5pots on a white' field, if 

o6 
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the wordp&ijn be lued, it denotes nothing bat white 

fiiirs. It is supposed to represent the skin of en 

animal of the same denomination. 

There is no animal whose skin naturally corresponds with 
•the herald^s ermine. The uumal is millc-white ; and so fiur is 
it from being spotted, that it will rather die than sally its 
whiteness; whence its symbolical use. White skins were, 
for many ages, used for the robes of magistrates, and great 
men. But the furriers at length, to add to their beauty, 
sewed bits of hlMk upon the white, to render them more oon- 
spicuous. 

Escocheon, or shield is the principal surface on 

which the emblems are painted. Accidents in the 

escocheon are points and abatements. 

There are idne points in an esc»pcheon : three on the upper 
part, of which the middle one is the chief; that in the right 
corner the dexter chief; and that in the left comer the sims- 
ter chief. Three perpendicularly in the middle part of the 
shield: the first, named the honour p&ini; the second, the 
fese point ; the third, ihe navel point. Three points horizon^ 
tally at the bottom : the middle one called the base point ; 
the other two' the dexter , and sinister base points. Tinehtres 
are armorial colours ; of them there are nine. 

1. Or, gold, represented on copper-plate prints by small 
points. 

2. Argentf silver without any points, by the whiteness of 
the paper. 

8. Azure, hatches or strokes from side to side across the 
shield. 

4. Gides, line from top to bottom. 

5. Sable, batches crossing each other. 

6. Vert, from dexter chief to sinister base. 

7. Purpure, from sinister chief to dexter base. 

8. Tennee, cross hatches from right to left, and from left to 
right. 

9. Sanguine, hatches, from right to left, and others from side 
to side. 

Esquire was origintdly the person who, attending 
a knight in the time of war carried his shield: wh^aoe 
he was called escuier in French. 

. Those called esquires by the French, were mlKtary vassals, 
with liberty to wear a shield, the ensigns of their family, in 
token of their gentility. It is now considered merely as a title 
of dignity, and next in degree to a knight Ofiloers of the 
king's court and hoasehoUf, counsellors at law, justices of 
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the peace, are only esquires in reputation : and he who is a 
justice of the peace, has this title only during the time he is 
in commission, and n9 longer, if be be not otherwise qua« 
lified to use it. A sheriff of a county, being a superior officer, 
bears the ttHe of esquire during his life. The chiefs of some 
ancient families are esquires by prescription ; and in the late 
acts of parliament, many wealthy persons, commonly reputed 
to be such, were ranked among esquires. 

Furs are of different kinds, and represent the hairy skins of 
animals, prepared for the linings of robes of state ; Shields 
were anciently covered with furred skins ; they are used in 
coats of arms. 

Garter, principal king^at-arms^ is an oflBcer con- 
stitated by Henry V. with the advice and consent of 
the knights of the garter^ for their service ; and his 
duty is to perform whatever the sovereign, prelate 
or chapcellor of the order shall enjoin. 

. This officer, as principal herald, or king of arms in En- 
gland; (as Lien is in Scotland » and Ulster in Ireland), mar- 
shals the solemn funerals of princes, dukes, marquisses^ carls, 
viscounts, and barons. 

Gentleman, is a term applied to a person of good 
family, or descended of a family which has long 
borne arms. J. Kingston was made a gentleman by 
king Richard II. 

If it be asked, What constitutes a gentleman? ^e answer 
is-^iet7^ entitled to bear arms. The distinction hetween a 
gentleman of coat armour, or an upstart, and a gentleman 
of blood, is the bearing arms from the grandfather, he who 
bears arms from his grandfather, is a gentleman of lljlood ; 
it is requisite, by the statutes of the Bath, that every knight,, 
before his admission, prove his qualifications. If a gentleman 
be bound apprentice. to a merchant, or trader, lie does not 
lose his gentility. 

Btti ihe word ^entlemmi is a general term for persons of 
education and respectable appearance. The French gentiU 
hemme, the Italian gentilktUmto, and the Spanish Mdalgo, imply 
rather persons of fashion. 

Heralds, informer times attended their sovereigns 
in their wars abroad ; and in their progress, were 
often dispatched to other princes, with messages ot 
war, as defiances, &c. and if they received any vio- 
lence, or afironty it was resented by their master. 
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Their basisess was io ^letermifie pe^^^ find if. a^^ l^Q^s 
and agreemealSy find to.prociaim them, ^TJ^e^ %e^^ aU^ em- 
ployed at jouMs and tournaments ; anul ngj^leinen, a^^^y^^fll as 
princes, bad. their heralds and parsuivants. 

The herald's colleg^e is situated- upon St S<^ni^t>hiil, 
near Doctors'-commons, and was the ancient house; of Tho- 
mas Stanley, earl of DerJi^y, who married Margaret eoontess 
of Richmond, mother of Hepry VJI< and ;the.dMJce. of. Nor- 
folk having, in ilea thereof, ojt changed lands >vith the crown, 
he projcured the same to be bestowed by queen Marjjpii the 
king's heralds and pursaivants of arms for eyer, ^at they 
might assemble, and preserve their records ix\ thi^:;place. 
Since the 6re of London it ha8;been rebuilt ; and has a large 
room for keeping the court of honour, with a library, houses, 
and apartments for the officers. 

King, — A monarch who reigns singly- over a 

people. The word is from the Saxon. Amcyngthe 

Greeks and Romans, kings were priests a^well as 

princes. 

The king of the Jiomans was a prince chosen by the empe- 
ror; as a coadjutor in the government of the empire. In 
all public letters the king styles himself nos, we ; though in the 
time of king John he spoke in the singular number. 

^STmaA^, signifies a person, ,who, for his virtue and 
martial prowess is, by the king^ raised above the 
rank of gentleman, into a higherclass of dignity and 
honour.- 

Knighthood w<aa the first. degree of honcjur in the. ancieBt 
armies^ and was conferred, with much ceremony, on those 
who had distinguished themselves , by valourous exploits. 
They were originally adopted, which we now call duhbed; as 
being supposed, in ^some measure^ the sons. of hi"! who 
knighted them. The ce/cmoQies at the <?reation of ,a knight 
have been various. The principal were a .box on the ear, 
and a stroke, with a sword on the shoulder. A shoulder 
belt, a gilt sword, spun), and. other military accoutrements, 
were put on, after whieJiybetog arm^d as a knight, he was led 
in great pomp to the church. 

KnighU Jfyranjtj were a pretended order of chivalry, re- 
peatedly mentioned in romance. They were heroes, who 
travelled in search of adventures, to redress wrongs, rescue 
damsek, aM take all occa^ons to signalize their prowess. 
This roraantio> bravery of. the old ki^ights.was formerly the 
.chimera of jtiie Spaniards ; among whom <tvery cavalier had 
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^liis fioistresit, '^i^ho^e esteem Ke was to gvoA by'some heroic 
deed. The dake of Alva is said, to have* vowed thecon- 

*'^qutst^ W Portugisirtb a youttg lajdy. But the romance of 
Don Qaixote very successfully ridicules the adventures of 
these heroet, and considerably reduces their number. 

'Kfnghisaf the shires qt knights of parliament ^ 
are two gentlemeiY chosen ob the king^s writ by such 
of the 'freeholdets of every county, as can expend 
40s. per annomy to represent such county in parlia- 
ment. They must have at least 6001. per annum, 
and their expences ar6 <to^be defrayed by tfaeoounty, 
though this is seldom now required. 

Knightk Baeluthrrs were the lowest order of knights, and 
inferior to bannerets. They are called eguites auraii ; from 
the ^ilt ^purs put on Ihem at creation. The ceremony is 
exceedingly simple ; the kinj^ touches him lightly with a 
naked sword, and says, Sois chevalier , au, nom de Dieu; and 
afterwards, avance chevalier. 

Knights Bannerets, an ancient order of knights, or feudal 
lords, who possessing several large fees^ Iccl their vassals to 
"battle under their own flag or banner. - He had the power to 
raise a certain number oT armed men, with an estate suffi- 
cient to subsist about thirty men. Baunerets second 
to. none, save knights of the garter, were reputed next 
below the nobility. In England the title died with the per- 
sons that gained it. I'he last person created banneret was 
Sir John Smith, made so affer the battle of Edgehill, for res- 
cuing the standard of king Charles I. 

Knight ofihi Garter. When a knight of the garter mar- 
ries, his wifc*s arms are placed in a distinct shield, because 
his own arms are surrounded with an ensign of the order; 
though the husband may give hc'r Ms equal share of the shield 
and hereditary honour, he cannot share his temporary order 
of knighthood. << 

' Lord is a title of honour, attributed to those who 
are deemed noble, either by* birth« or creation, and 
vested with the dignity of baron. This word of 
Saxon origin, signifies bread-giver: alluding to the 
hospitality of our ancient nobles. 

In the above sense, lord amounts to peer of the realm, 
lord of parliament. It is al^o applied to those so called by 
courtesy, as sons of a duke, or marquis, and^ the elder son of 
an earl. The apj^ellation is akK) given to- some persons 
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iMmourable by office ; as lord chief justice, lord chasceUor, 
lord of the treasary, &c. 

A Mmdhy is the drapery thrown around a cont of arms^ 
and doubled or lined throughout by for. 

Marshaly or Mareschal, primarily- denotes a p^- 
son who has the care of horses. Marshal of France, 
the highest dignity of preferment in the French 
armies, under the old monarchy, was abolished at 
the revolution, but ha3 since been revived^ and is 
now used in the armies of Europe* 

By Marshalling coats of arms, is to be understood 
the art of disposing several of them in one esco- 
cheon, and of distributing their contingent ornaments 
in their proper places. 

Wheo the cbats of arms of a married couple, descended 
of distinct families, are to be marshalled on an escocheon, 
the field of their rifspective arms is conjoined pale-ways, ami 
blazoned thus : parted per pale, baron and femme ; first the 
baron's arms are to be described, then the femme's. The 
baron's arms are always to be placed on the dexter, and the 
femme's on the sinister side of the escocheon. This is the 
case only whe^ the femme is not an heiress. 

Baron and femme are heraldic terms for husband 
and wife. 

If a widower marry again, his late and present 
wife's armis are to be bom marshalled on the sinister 
side in thp same escocheon with bis own, and parted 
per pal^» 

Thus the first wife's shall stand on the chief, and the second 
on the base, or they may both be iB pale with his own ; the 
first wife's coat next to himself, and those of the second 
outermost. 

If he marry a third wife, then the arms of bis two first 
shall «tand on the chief, and those of the third on the base ; 
if a fourth, she must participate one half of the base with the 
third ^ifc, and so will they appear to be so many coats 
rjuartered. 

These forms of impaling are applied only to here- 
ditary coats, whereby the husband stands in expec- 
tation of having the hereditary possessions of bis 
wife united to his own patrimony. 
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If a man marry a widow, he marshals her maideo 
arms only. 

When the arms of femntes are joined to the paternal coat 
of the baron, the proper differences, such as the lafatel, the 
crescent, &c. borne by the fathers of such women must be 
inserted. 

If a coat of arms that has a bordure, be impaled with 
another, the bordure must be whoUy omitted in the side of 
the arms next the centre. 

The person who marries an heiress, instead of impaling his 
wife's arms with his own, is to bear them in an escocheon 
placed in the centre of his shield; and as this denotes his pre- 
tensions to her estate, it is called an escocheon of pretence, 
and is blazoned iurtatU. 

The children of such marriages bear the hereditary coat 
of arms of their father and mother quarterly, which denotes 
a fixed inheritance, and transmit them to posterity. 

These arms are marshalled thus; the first and fourth 
quarters generally contain the father's arms, and the second 
and third the mother^s ; unless the heirs should derive not only 
their estates, but also their title and dignity from their 
mother. 

If a maiden, or dowager lady of quality marry a commoner, 
or a nobleman inferior to her rank, their coats of arms may 
be set beside one another in two separate escocheuns, upon 
one mantle or drapery, and the lady's arms ornamented ac- 
cording to her title. 

Archbishops and bishops impale their arms differently from 
those before mentioned, as they give the place of honour, or 
dexter side, to the arms of their dignity or see. Prelates bear 
their arms parted per pale, to. denote their being joined to 
their church by a kind of spiritual marriage. 

With respect to such armorial ensigns as a sove- 
reign shall think fit to augment a coat of arms with, 
they may be marshalled various ways, by heralds 
whose peculiar ofiice it is. 

The baronefs mark of distinction, is the arms of the pro* 
vince of Ulster, in Ireland ; granted and made hereditary in 
the male line by king James the First, who created this dig- 
nity on the 22nd of May, 1611, in the Seventh year of his 
reign. Argent, a sinister band couped at the wrist, and 
erected, gules, borne either in a canton, or in an escocheon, 
as may best suit the figures of the arms. 

Marquis, a title next below a duke, is derived 
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by some from the Marcomanni, aa ancient j^eople, 
who inhabited the marches of Brandenburg. Mar-* 
quisses were anciently governors of frontier cities, or 
provinces, called marches* 

Marquis is originally a French title. Richard II. first intro- 
duced the dignity of marquiss into England. The coronet.of a 
marquiss has strawberry leaves and pearls placed alternately. 

Monseigneur, in the plnral monseigjieurs^ a "title 
of honour and respect formerly used by the French 
in writing to persons of superior rank,, or quality, 
is a compound of nton, my, and seignewr\ lord. 

Dukes, peers, archbishops, and bishops, were compli- 
mented with the title mofnseigneur. In the petitions presented 
to the sovereign courts, they use the term nosseigneurii, Mon- 
seigneur, absolutely used, was a title afterwards restrained 
to the Dauphin of France. 

Monsieur, in the plural ni^ASt^iir^, aterm^iused by 
the Frencb in speaking of their eijuals'; aoswars to 
Mr. or Sir, in English. ^ The word is a compound of 
mon, my, and sUur^ sir. ** 

Tho Italians say iignor, and the Spaniards «mor, in the 
same $cnse, and from the same origin. The supersoriptioa 
of all letters began, k mmmew*y Manneur inich a one. The 
word fnoimetir, formerly extensive, was applied to persons 
who had been dead forages, moNWmr St. Augnstine, mMuteur 
Si Paul, &c. &c. 

A Motto, is some word or sentence indicative of 
the quality of the bearer; erit conveys some peculiar 
and important truth. 

They are chosen at the fancy of the owner; sometimes 
they consist of a religious or moral sentiment, as. '.' Murus 
areui consdentiasana ;** A good conseience is a wall of brass! 
Sometimes, anelfnsion of loyalty; sometimes a love of liberty, 
asthc'carlof Radnor'sis, ^^P atria cm'acaHwliherta^f' — My 
country Is dear, butlilicrty is dearer; • As ** Miuristuetamrert 
disco" 1 learn to succour the distressed ; ^^SolanobUUai virtus f 
Tirtne alone ennobles as. 

No))iliiy, . The peerage of England is of five 
degrees, viz. that of duke,. marquis, eari or county 
viscount, and baron. 
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The term af nMlUy is, in England, restrained to degrees 
4>f digpity above kpightlipod. Some refer the origin of 
no]i»iJity to the Goths, who, after they had seized a "part of 
Burppe^; rewarded their captains with titles of honour, and 
i called mem nobles, (nofnles) to distingnish them from the 
common people. In England, nobility is only conferred by 
the king,,find that by patent. In other coantries there are 
other ways of acquiring it. The privileges of the English 
nobility are very considerable; they are esteemed as the 
kii^g's hereditary connsellors, and are privileged from arrests, 
unless , froj^i treason, felony, and breach of the peace. In 
criminal cases they are bnlyto be tried by a jury of peers, 
who are not put to their oaths. , They give their verdict upon 
their honour. In their absence, they are allowed a proxy to 
vote for them. 

,, Norroy iing of arms, mai^shaU the fanerals of all 
tl^,i»feriQi: i^obility, as barotietSjl Jcntghts, esquires, 
aird gentlemen, on the north side of the Trent. 

A Prince, is a person invested with the command 
of a 3|^te or country, independent of any superior. 
Itjs u^ed^'for ope soY^i^eigh' o^ his own territory, 
who yet acknowledges some other as bis superior^ 
and pays homage to him. 

I^bus, all the princes of Germany are feudatories of th^ 
emperor: thoughts absolute in their respective principali. 
4ies as the emperor himself, yet are Hiey bound to him in cer- 
tain services^ Prince.is f^ t^tfe given to the issue of princes, 
or those of the royal family; in which sense those of France Were 
called princes if the blood. In England, the eldest soh is 
created prince of Wales ; the younger, dukes or earls, with 
what title the king pleases. To all the king's children 
belongs the title^of v^y^ highness, ,A)1 subjects, are to kneel 
when admitted to kiss tiieir hand : and at tab(e, out of the 
king's presence, Ihey are served on the knee. The youngest 
sons^and daughters of the king have precedence of all peers 
and' public officers^ ecclesiastical and temporal. The prince 
of Wales is born duke of Cornwall and Hothsay, and imme- 
.diartely^fsntitled to all the rights, revenues, &c. belonging 
thereto. He is afterwards created. prince of Wsiles, and 
earl of Chester,', &c. 

Pursuivant,' the lowest order of officers at arms. 
They ^re, properly, attendants' on the hei'aldsi When 
they marshal public ceremonies. 
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Of those, in England, there were formerly many ; but at 
present only four, viz. blue^nuaUky rouge<ros9, rouge-dragon, 
and/iort eulliee. In Scotland, there is only one king*at-ann8- 
styled Lifon, who has ander him no less than six heralds, 
as many pursuivants, and a great number of messengers-At^ 
arms. 

Quartering, is the proper disposition of the coat- 
armour of distinct families within one escocheon ; as 
on account of marriage, when the arms of man and 
wife are conjoined together paleways. This is called 
impaling baron andfemme. 

When children are bom, the baron bears the arms of tbe 
/emme, she being an inheritrix, in an inescocheon. The heir 
may bear his roother^s aiins quartered M'ith his own* An 
augmentation of honour and arms is frequently ao|n]red 
by adoption. By the gift or munificence of the sovereign, a 
person bears his own coat, together with ,the new ensigns of 
honour. 

Sire, a title in France given to the king, as a mark of sove- 
reignty, was anciently used in the same sense with si€ur and 
9eigfievr, and applied to barons, gentlemen,* and citizeDs. 
' i^eur having been a title of honour among the French, tiie 
lawyers would say, I plead for the sieur marquis, the sieur 
abbot, Sec. for sieur often expressed seignory or iordehip, 

Stadtholder was a title formerly given to the go" 
vemor or lieatenant of a province in the United Ne* 
therlands ; particularly that of Holland, where the 
word has been chiefly used. It is derived from the 
word stadtt state, and houlder, holding, which is, 
lieutenant of the states. 

This title is now absorbed in that of king ; the 
prince of Orange being now king of the Nether- 
lands. 

Stdtan, a title given to the emperor of the Turks, 
had its rise under Mahmoud. 

The word is Turkish, and signifies king of hingSt and was 
first given to the Turkish princes about the year 1055. The 
title has ever since been used by all mahommedan princes. 
The highest officer, among the Tuiks, next to the sultan, is 
the grand vizier, who has the care of the whole empire. He 
lives in the utmost splendour, having more than two thousand 
officers and domestics in bis palace* 
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Supporters are Bgures by the side of a ^hield, ap- 
peariDg as if they actually held it erect. 

They use chiefly figures of beasts: figures of human 
creatures for the like purpose, are cal led tenants. In E ngland , 
none under the degree of banneret are allowed supporters, 
which are restrained to those called the high nobility. 

Since the accession of king James the First, the supporters 
of the arms of Great Britain are placed on the dexter side, 
a lion rampant gard ant, crowned or; and on the sinister 
side, a unicorn argent, crowned, armed, unguled, maned 
and gorged, with an antique crown, to which a chain is 
affixed, all or, 

A lion is said to be rampant when he stands erect .on his 
hind legs, and rampant gardant, when in that position his 
head is turned sideways ; passant, and passant-gardant when 
he is walking.; couchant when he is lying down, &c. A 
stag, when briskly walking, is said tol>e tripping; when Tun- 
ing, courant ; wlien standing stilly at gaze, &c. 

A creature is said to be armed when its horns, beak, 
talons,. &c. are of a different tincture from the rest of the 
body; thus the horn of the unicorn is or, while his body is 
argetd. 

Thane, a dignity among the English, or Anglo- 
Saxons, is referred to king Canute, who taking the 
chief of the Danish nobility, to the number of 3000, 
for his guard called them tJiing-lethe, from two 
Danish words, iheing or thein, both of nobility, and 
lith, order of battle. In old English authors, thane 
signifies a nobleman; sometimes a freeman, s^nd 
sometimes a magistrate. 

Viscounty a term used for a degree of nobility 
next below a count or earl, and above a baron ; is 
supposed to have been brought hither by the Nor- 
mans. The coronet of a viscount is surrounded with 
pearls only. 

Wreath, a roll of silk, of two colours, blazoned on 
the shield, and laid on the helmet, as a support to 
the crest. 
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SECTION IH. 



DEGREES OF PRECEDENCY, AKD DIfFEllENT KINDS O^.AAUS* . 



313. The King. 

Princes of the Blood. 

Archbp. of Canterbury. 

Lord High Chancellor. 

Archbishop of York. 

Lord Treasurer. 

Lord President of the 
Council. 

Lord Privy Seal. 

Dukes. 

Eldest sons of .Dukes of 
the Blood Royal. 

Marquisses. 

Eldest sons of Dukes. 

Earls. 

Marquisses* eldest sons 
. Dukes' youjiger.sons. 

Viscounts. 

Earls' eldest sons. 

Marquisses'y oungerson s. 

Bishops. 

Barons. ^ 

Speaker of the House of 
Commons. 

Lord Commissioner of the 
Great Seal. 

Viscounts' eldest soqs. 

Earls' younger sons. 

Barons' eldest sons. 

Privy Couucellors not 
Peers. 

Chancellor of the Exche- 
quer. 

Chancellor of th© Duchy. 



The Kqiglitsof theGa^eiBot 

Peers. . 
Lord Chief Justice of ^e 

King's Beppb. , 
Master of the Rolls. , 
Lord Chief Justice of the 

Con^mon Pleas. , 
Lord Chief Baron of the 

Exchequer., * 
Puisne Judges and Ba- 
rons. 
Knights Banneret, if 

made in the field of 

battle. 
Master in Cbancei^y. 
Viscounts' younger «ons. 
J Barons younger son^. 

Baronets. 
' Knights Banneret, 
i Knights of the Bath. 
Knights B^^obelors. 
Baronets' eldest sons. 
Knights' eldest sonsl 
Baronets' younger sons. 
Knights' younger sons. 
Field and Flag. officers. 
Doctors graduate. 
Serjeants at Law. 
Esquires. 
Gentlemen. 
Yeomen. 
Tradesmen. 
, Artificers. 
Labourers. 



The ladies, except those of archbishops, bishops, and 
judges, take place according to the quality of their husbands, 
and unmarried ladies take place according to that of their 
fathers. 

314. The different kinds of arms are distiDguished 
by different names, to denote the causes of tlieir bear- 
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ingVsuch as arms of dominion^ of piTstension, of 
concession, of community, of patronage, of i^mily, 
of alUailoe, of duccession, of assumption^.. 

Arms^f dominion and sovereignty are borne by 
emperors, kings,, and sovereign. states; being, ^s it , 
were, annexed to the territories, kingdoms^ and pro«« , 
vinces, they possess. Thus, there are the arms of 
Ens^land, of France, of Spain, &c. 

Arms of pretension belong to kingdoms, provinces 
or territories, to which a prince or lord has some 
claim, and which he adds to his own, although pos- 
sessed by another. 

Arms of concession, 'or au^rm^Tito^ton^^ of honour, 
are arms, or figures, given by princes, as in reward 
of some signal service. 

Thus, Lord Heathfield, who so gallantly defended Gibral- 
tar, WHS permitted to assume that fortress on his escutcheon 
in additou to his family< aims. 

Arms of community belong to bishopricks, cities, 
universities, societies, companies, and corporate boi- 
dies. 

Arms of patronage belong to governors of pro. 
vinces, lords of manors, patrons of benefices, &c. as 
a token of their superiority, rigbts, and jurisdiction. 

Thes^arins have introduced into heraldry, castles^ gates, , 
wheels, ploughs, &c. &c« 

Arms of family or paternal arms, belong to one , 
particular family, and distinguish it from other^s ; : 
these it is criminal for any other person to assume^ . 
and punishable by the sovereign authority. 

Arms of alliance belong to mmilies and private 
persons, to denote the alliance they have contracted . 
by marriage. 

This kind of arms is either inipaled or horn in an escut- . 
cheon of pretence, by .those who have married heiresses. 

Arms of sQccession are taken up by those. who > 
inherit certain estates; manors, &c. either by will, . 
entail, or donation, and which they either impale or 
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quarter with their own ; this multiplies the titles of 
some families from necessity, and not from osienta'^ 
Hon, as many imagine. 

Arms of assumption, or assumptive arms^ are taken 
up by the caprice or fancy of upstarts of mean ex- 
traction» who, on becoming persons of fortune^ as- 
sume them without a legal title. 



CHAPTER XIV. 

THE NATURE AND PROPERTIES OF FIRE. 

SECTION I. 

GENERAL PRINCIPLES. 

315. Whenever you perceive a number of qua- 
lities always existing together, you are warruited 
to conclade that there is some substance which pro* 
duces those qualities. 

Fire drives out other bodies from any given 
space^ it has a constant tendency to difiuse itself 
uniformly, so as to maintain an equilibrium, it dilates 
some substances ; it must have penetrated them ; 
it expels other bodies and takes their place ; there- 
fore we conclude it must itself be a body — a real 
and material substance. 

Air is a suhstanee and not a quality. People who are un- 
acquainted with the principles of natural philosophy, woald 
not suppose that the air by which we are surrounded is a 
material substance, like water, or any other visible matter. 
Being perfectly invisible, and affording no resistanee to the 
touch, it itiust seem to them extraordinary, to consider it as 
a solid and material substance ; and yet a few simple expe- 
riments will convince any one that it is really matter, and 
possesses weighi, and the power of resbting other bodies 
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•that presi^ against it. And it differs from all other fiuids ia 
the foar following particulars : — I. It can be compressed into 
a much less space than what it nataralfy possesses ; 2. It can- 
not be congealed, or fixed, as other fluids may ; 3. It is of a 
different density in every part upward from the earth's sur- 
face, decreasing in its weight, bulk for balk, the higher it 
rises ; 4. It is of an elastic, or springy natuce, and the force 
of its spring is equal to its weight 

Fire in common with air is sabject to these laws. 

Juight is an emanation of fire ; the decomposition of the 
rays of light proves its materiality ; what is light on the surface 
of a burning glass is fire at its focus ; whatever, therefore, 
ptoves the materiality of light is applicable to fire. 

We conclade, therefore, that fire is a real and 
material substance ; and by the word fire we mean 
that very subtil fluid which all men call fire; heat 
is an effect of &re» or a proof of its presence ; abso-r 
iute heai and fire are words of the same import ; 
relative heat is an epithet applied to the measured 
eflTects of fire. 

Fire penetrates all bodies, even the hardest; and 
one of its most constant characters is a continual 
tendency to eqailibriumy or to flow from a warmer 
to a colder substance. 

316. Heat, considered as a se&sation> or> iu other 
words, sensible heat, is only the eflTect produced 
Hpon our organs by the motion of co^mc, disen* 
gfliged from the surrounding bodies. In general, 
we receive impressions only in consequence of mor 
tion, and it might be established as an axiom^ that 
without motion there is no sensation. 

This general principle applies very accurately to the sen^ 
sations of heat and cold. When we touch a cold body, the* 
caloric, which always tends to become in equilibrio in all 
bodies, passes from our hand into the body we touch, which 
gives us the feeling or sensation of cold. The contrary happens 
when we touch a warm body ; the caloric then, in passing 
itom the body into our hand, produces the sensation of heat.' 
If the hand, and the body touched be of the same tempera- 
ture, or very nearly so) we receive no impression either of 
b«at or cold, because thefe is no motion or passage of calmie. 

TOL. I. P 
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When the thermometer rises, it shews 'that the 
free caloric is entering into the surrounding bodies. 
The thennometer> which is one of these, receives it 
ia proportion to its mass, and to the capacity which 
it possesses for containing caloric. 

ol7. Free Caloric is that which is not combined, in 
any manner, with any other body. But as we live 
in a system, to the matter of which caloric has a 
very strong adhesion^ we are never able to obtain 
it in the state of absolute freedom. 

Combined caloric is that which is fixed in bodies 
by affinity, or elective attraction, so as to form part 
of the snbstance of the body. 

By tUe «xpressipn soee\fic eahric of bodies, we understand 
the respective quantities of caloric requisite for raising a 
number of bodies, of thie same weight, to an equal degree of 
temperature. This proportional quantity of calorie, depeiv^e 
lapoQ the distaMtpe between ihe -eonstttuent p^rtioteH of bodies 
and their greater or less degrees of cohesion ; ami this dis- 
tance, or rather tlie space or void resulting from it, is called 
the capacity of iHfdies for contaiiiitig caloric. The fluid of ca- 
loric -ecmstafttly tends td f€»mi an equlKbrkrai, by diAnsing 
iturlf through aHbodieis. It is eaitremeLy subti^ and its gra- 
vity cannot be ascertained. 

SIS. Bodies wUch trftn^mit caloric easily, aire ^^alled 
o(Mductm's of oaloa*ic, and according to the po^KP^r 
of doing tfai4B, they are termed good or bad con- 
dNnc^mrs. Those irhich 4& ftot transmit Iteat at allj 
or with great diffiedity, are called non-'Conduetors. 

The best conductors of heat are metals ; and the best non- 
conductors are fluids, such as water and air, also charcoah 
Heat is produced in various ways; by -collision, by fription, 
Ity ches«ucal action, by the solar rays, by electricity, and |^- 
yanistn. 

Tlhe simplest inethod of obtaitiing heat, is by collision, luid 
Is tJhe VRe^iod generally employed in the common' way of 
making, a fi«e. Wlien, a piece of hardened steel is striiol^ 
witba flint; .some pt^ticles of the metal are brazen off, aml- 
&o violent is. the. boat produced by the stroke, that they arQ 
rQpdfff ed rj^fd-^hQ^t^inelted, an4 even vi tiiified. If the fragmenjts 
Q0b<^}ftteel bo ^f^iigUt upqa a pieejs of white paper, and ex%«> 
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mioad with « ittkroaco$»e, Ikey will be foand to i>6 spherules, 
aad highly polished. Their spherieitj provesi them to ha^o 
been in a fluid state, and the polish upon their suilacey shews 
that they have been vitrified. 

No heat seems to follow from the pereossioa of 
liquids^ or of soft bodies. 

Heat may be excited by mere friction, and this method 
of procuring it is still practised in some parts of the world. 
The American Indians pJrodnceitin this manner with great 
dexterity. For this < purpose they take two pieces of dry 
wood, one about eight or nine inches long, and the other 
piece q«ite flat. They cut a blunt point upon tiie first, and 
pressing it npon the other piece, they whirl it round Ter^A 
quickly, holding it between both their hands, as we do a 
chocolate-miN. In a few minutes the wood takes fire. 

If the irons at the axis of a coach-wheel be left without 
grease or oil, they will become so hot, as to set fire to the 
wheels ; and accidents^of this kind frequently happen. 

It is no uncommon practice in the country, for a black- 
smith to hammer a piece of iron till it becomes red-hot, as » 
substitute for a tinder-box. The heat excited by the iioeing 
of a cannon is sufficient to cause water to boil. 

Under the production of heat by chemical action is inclu* 
ded that by combustion. Heat is also produced by the mix- 
ture of many cold substances, but the most intense heat 
that is known is produced by thowing a stream of oxygen 
gas npon lighted charcoal. 

It is well known that the solar rays, wheisi >coL* 
looted by a mirror, or iexis^ produce the mcN»t wfto-^' , 
nishing effects, 

Dr. Herscbel has lately proved, that tbe solar 
rays consist of two kinds, those which produce lig^t»^ 
and others that produce beat, which can be separa- 
ted from each other by the prism. 

319. The instruments for measaring heat by thQ 
expansion of bodies, are thermometers for fluids, 
and pyrometers for solids* 

A thermometer is a hollow tube of glass^. hermetically 
sealed, and blown at one end into the shape of a hollow 
globe, or bulb. The bulb, and pajrt of the tube, a^e filled 
-with mercury, which is the only fluid that expands equaUy, 
When we immerse the bulb of the thermometer in a Jiot 
flqid the mercury expands, .and of course rises in the tube ; 

p 2 
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but when we plaog^e it into a cold body, the mercury con* 
tracts, and of course fallt into the tube. The rising of the 
mercury^ therefore, indicates an increase of beat ; its fallingr, 
a diminution of heat. To facilitate the observation, the tube 
is divided into a number of equal parts, called degrees, or 
there is a divided scale attached to it 

This scale is graduated in different manners: Fahrenheit's 
scale is that always used in this country. 

The standard-points are obtained by freezing and boiling 
water, degrees of heat which are constantly the same in na- 
ture. The beat at which the mercury stands, when immersed 
in each, being marked, the distance between them is divided 
into 180 parts, and 32 parts of the same size are continoed 
. downwards, so that 32^ shew the heat of freezing water, 
and 212^ that of boiling water. Water cannot be made hotter 
than this in open vessels, because it then becomes converted 
into steam, or aqtteoM gas. 

The mercurial thermometer, it is evident, cannot measore 
degrees of heat above that of boiling mercury, nor below 
that of freezing mercury ; the former is 600*^, and the latter 
40^ below of Fahrenheit's scale. 

For greater degrees of cold, thermometers of 
spirits of wine, or essential oil are used : and to 
measure those higher degrees of beat to which the 
thermometer cannot be applied, pyrometers are em« 
ployed, 

Wedgewood's pyrometer consists of two pieces of brass, 
filced so as to form an angle, having the legs divided into 
equal parts. Pieces of baked clay are prepared for this 
scale, so as to fit the brass at a certain place. If then 
the piece of clay be exposed to the heat required to be ex- 
amined, it will contract in its dimensions, and when again 
applied to the brass scale, it will be seen how much it has 
contracted. By this the intensity of the heat is ascertained, 
fur the clay of which these pieces are prepared has the pro* 

Serty of contracting regularly, according to the degree of 
eat. 

This is an exception to the general law of bodies eitpand- 
ingby heat; the expansion of melted metal in the act of cooK> 
ing is another, as likewise the expansion of water in the act 
of freezing. 

320. The greatest degrees of heat which are known, 
have been produced by concentrating the solar rays 
with a mirror, or lens^ or by supplying a blow-pipe 
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with oxygen gas. The greatest degree of cold 
known to have been produced, has .been obtained 
by mixing snow with certain salts, as muriat of lime. 
If this be mixed with dry, light snow, and stirred 
well together, the cold produced will be so intense, 
as to freeze mercury in a few minutes. Salt and 
snow also produce a great degree of cold. 

Eyaporation likewise produces cold. The method of ma- 
king ice artificially in the £ast Indies depends upon this 
principle. The ice makers at Benares di^ pits in large open 
plains, the bottom of which they strew with sugar canes, or 
dried stalks of maize, or Indian com. Upon this bed they 
place li number of unglazed pans, made of so porous an 
earth, that the water oozes through their substance. These 
pans are filled towards the eTening, in the winter season, 
with water which has been boiled, and are left in that situa- 
tion till morning, when more or less ice is found in them, 
according to the temperature of the air ; there being nxc^e 
formed in dry and warm weather, than in cloudy weather, 
though it may be colder to the human body. 

Every thing in tiiis operation is calculated to produce cold 
by evaporation ; the beds, on which the pans are placed, 
suffer the air to have a free passage to their bottoms, and the 
pans constantly oozing out water to their external surface,, 
are cooled by the evaporation of it. 

In Spain, they use a kind of earthen jars, called buxaros^ 
the earth of which is so porous, being citly half baked, that 
the outside is kept moist by the water which filters through 
it ; and, though j^laced in the sun, the water in the jar be- 
comes as cold as ice. 

It » a common practice in China, to cool wine or other 
liquors, by wrapping a wet cloth round the bottle, and hang- 
ing it up in the sun. The water in the cloth evaporates, and 
thus cold is produced. 

Experiment. Ice may be produced at any time, 
by the evaporation of ether. Take a thin glasa 
tube, four or five inches long, and about two or 
three-eighths of an inch in diameter, and a two ounee 
bottle of ether, having a tube drawn to a point, fit* 
ted to its neck. Pour some water into the glass 
tube, and let a stream of ether fall upon that part 
Qf it containing the water, which, by that means^ 

pa 
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irillbe converted into ice in ai few minutes. If a 
tbin spiral wire be introduced into tbe tabd before 
the water is poured in, the ice -will adhere to it, and 
nlay be drawn out. 

Caloric is thrown off from bodies in straight lines, 
in the same manner as light ; and is <^pabte of be- 
ing reflected, and collected into a focus by means 
of mirrors. If a heated body, as a ball of iron, be 
placed opposite to a large concave mirror^ a ther- 
mometer held in the focus of tbe mirror, will rise 
immediately. If some ice be put in the placid of tbe 
ball, the thermometer will fall, seeming to prove that 
cold is something positive and real, and not merely 
the absence of heat; but this is explained by philoso* 
ph^s upon the same principle, and is not consider^' 
ed by them as a proof, that cold, like heat, is a dis- 
tinct substance. 



^>ir#<r»^«N^^^^ 



SECTION II. 

MISCELLANEOUS PHENOMENA. 

Effects of Intense Cold* 

32t. In Iceland the thermometer frequently falls ia 
zero, which is thirty-two degrees below tbe fffeezing 
point. At HudsoD^s Bay it has been knowa to sink 
even fifty degrees lower. "When stones or metals, 
which have been exposed to such degrees of cold, 
are toucked by tbe tongue, or the softer parts of the 
human body> they absorb the heat from those parts 
with such rapidity, that the flesh becomes indtanliy 
froxeh and mortified, ttni tbe prixicipte of life in 
tkism is eittinguisbed^ Som^ Fren<$h academicians 
who mad^ ft journey to the north of the Baltic, and 
wintered under the polar circle, found it necessary 
to use all possible precautions to secure themselves' 



from the dreadful cold which prevailed. They pre^ 
vented as much as possible the entrance of the ex- 
ternal air into their apartments ; and if at anytime they 
had occasion to open awindow or door, the humidity 
of their breath, confined in the air of the bouse, 
was condensed and frozen into a shower of snow ; 
their lungs, when they ventured to breathe the cold 
air, felt as if they were torn asunder; and they 
often heard the rending of the timber arotrnd them, 
by the expansive power of the frost on thfe fluid in 
its pores. In this terrible cold the thermometer 
fell to 9S® heldw zero. The most intense cold ever 
known in the neighbourhood of London wtis on De* 
cember 25, 1796, when the therinornfeter indicated 
2^ below zero. 

The following narration will show the solixfity 
that water is capable of acquiring when dxrested of a 
large portion of its calorit; : — During thei severe 
winter of 1740, a palace of ice; 'fifty -two feet long, 
sixteen wide^ 'and twenty high, was built at Peters- 
burgh, according to the most elegant rules of art. 
The river Neva afforded the' ice, ^ich was from 
two to three feet thick, blocks of which were cut, 
and embellished with various ornanat€fn1s. When 
huilt up, the different parts were coloured by sprink- 
ling them over with water of various tints. . Six. 
cvamms, fcnade of and mounted with ioe, with wheels 
of the same mittter, were placed before the palistce ; 
and a hempen bullet was driven by one of tb^e 
cauiiim, in the presence of the whole court, through 
a board two inches thioki at the distance of sixty 
paces. 

'* '- '■ '■ ^No forest feU, 

,. Imperial.mistress of the fnr cladl^ass, . 

Wkei? thou woHlifst build ;--n6 quarry dfent its stores 

T' enrich Hw.^eall^ ? but thou d|dst hew the floods, 

And make tliy marble of the glassy wave. 

Silently as a dream the fabric rose ; 

I^e upqn ice the' well adjusted parts ." 

Were soon coDJoia'd; nor oiher cement i^sVd ' 

f4 
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Than water interfused to make tbem one* 
Lamps gleefully disposed, and of all hues. 
Illumined ev'ry side. Long wavy wreaths 
Of flowers, that fear*d no enemy but warmth, 
Blush'd on the pannels, which were once a stream, 
And soon to slide into a stream again/^ 

COWPBR. 

Afnerican Water-burner. 

322. This apparatus was invented by Mr. Morey 
of New Hampshire. The construction b very sim- 
ple : tar is intimately mixed with steam or vapour 
of water, and made to issue, with a force propor-^ 
tional to the pressure of the steam, from a small 
orifice, like that in the jet of a blow-pipe, and is 
there fired. The flame^ although the combustible 
substances issue from so small an orifice, is as large 
as that of a common smith's forge, and is unaccon^- 
panied with smoke; when this flame is directed 
against the bricks in the back of a fire-place, they 
soon become heated to redness; if iron or steel 
filings be thrown into the flame,^ they burn with a 
sparkling brilliancy^ similar to iron wire in oxygen 
gas. 

A few experiments have been made to ascertain the effiect 
iDf steam on burning bodies, and to learn whether it probably 
suffered decomposition when issuing mixed with tar from 
the jet of the * Water Burner.' 

If a jet of steam, issuing from a small aperture* be thrown 
upon burning coal, its brightness is increased, if it be held 
at the distance of four or i^ye inches from the pipe through 
which the stream passes ; but, if it be held nearer, the coal 
is extinguished, a circular black spot first appearing where 
the steam is thrown upon it The steam does not appear to 
be decomposed in this experiment : the increased bnghtneaa 
of the coal is probably occasioned by a current of atmosphe- 
ric air produced by the steam. 

If the wick of a common oil lamp be raised so as to give 
off large columns of smoke, and a jet of steam be thrown 
into the flame, its brightness is a little increased, and no 
smoke is thrown off. 

if spirits of turpentine be made tti burp on a wick, the 
light produced is dull and reddish^ and a large quantity of 
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tiiick smoke is given off; but if a jet of steam be thrown 
into the flame» its brightness is much increased ; and if the 
experiment be carefully conducted, the smoke entirely dis- 
appears. 

If yapoor of spirits of turpentine be made to issue from a 
small orifice and inflamed, it burns, giving off large quanti^ 
ties of smoke ; but, if a jet of steam be made to unite with 
the vapour, the smoke entirely disappears. The same effect 
takes place, if the vapour of spirits of turpentine and of water 
be made to issue together from the same orifice ; hence the 
disappearing of the smoke cannot be supposed to depend on 
a current of atmospheric air. 

If the flame of a spirit lamp be brought in contact with a 
jet of steam, it disappears, and is extinguished at the points 
of contact, precisely as when exposed to strong blasts of air. 

Masses of iron of various sizes, and heated to various de- 
grees from redness to bright whiteness, were exposed to a 
jet of steam : no flame appeared, as was expected, but the 
iron was more rapidly oxidated where the steam came in 
contact with it than in other parts. It is probable, if the 
water suffered decomposition in this experiment, and if the- 
hydrogen was inflamed, its flame might not be observed, when 
contrasted with^the heated iron, a body so much more lumi^ 
nous. 

The operation of the water-burner, then, appears to be sim-^ 
ply this: — ^tar, minutely divided and intimately mixed with 
steam, is inflamed : the heat of the flame aided by the affi*. 
nity for oxygen of that portion of carbon, which would other* 
wise pass off in smoke, decomposes the water, and the carbon 
and oxygen unite ; the hydrogen of the water, and probably of 
the tar, expand on all sides (and hence the flame is very large) 
to meet the atinospheric oxygen, water is decomposed, and 
passes off in steam $: a degree of heat is produced, no doubt^ 
greater than that which is produced by the combustion of tar 
Alone, and this heat is equal to that evolved by the combus*^ 
tion of a quantity of carbon, which would otherwise formi 
Sfluokek. 

Solar Phosphori. 

823. A cssnal discovery by Vincewnio Leasca- 
riolo, a shoemaker of Bologna^ about 16^, was thev 
first circunstanee that attracted the notice of phi-^ 
losophers to this curious subject. This man being 
in quest of some alchemical secret was induced to 
calcine a parcel of Bolognian spar (a sub-species of 

Pfit 



882 The Nature and Prop^tke of Fire. 

hfeavy spat ot native stilphat 6f bftryle,) whiefa be * 
had prociited from Monte Paterno, in the neigh- 
boarhbod of the city; and observed, that whenever, 
this substance^ thus pi^epared, was placed in a dark 
room, after having been exposed to the dan, it coo- 
tinned to emit faint rays of light fbr some iiotirs af- 
terwards. 

In oonseqnence of this interesting discovery, the 
Bolognian spar came into considerable demand among . 
natural philosophers^ and the curions in general, so 
that the best way of preparing it was found an ob- 
ject of some pecuniary importaace. This seems to 
have been hH upon by the family of Zagoni^ who 
supplied all Europe with Bolognian phosphorus, till 
the discovery of more powerful phosphoric put an 
end to their monopoly. Margraaf, some years af- 
terwards, proved that other species of sulpbated 
baryte might, under particalar management, be made 
to produce a similar effect. 

In the yea* 1677, nearly half a century after the 
discovery of the Bolognian phosphorus, G. A* Bald- 
win, a native of Misnia, observed, that if nitrat of 
lime were evaporated to dryness, and then formed 
into a compact mass by, fusion at a red heat, it 
would exhibit the same property of imbibing and 
emitting light as the former, only somewhat ii^i^ior 
in degree ; hence this preparation obtained the name 
of Baldwin's phosphorus. 

. In 1730, M. du Fay, who is justly celebrated for 
his electrical researches, directed his attentipn to 
this subject, and observed, that all earthy substan- 
ces, susceptible of calcination, either by mere 
fire, or 'when assisted by the previous acti^ nC ai- 
tro^s acid, possessed the property of becoming itto^re 
01^ less luminous when caloln<»d and exposed for a 
silort time to the light: that tfao most perfect of 
th^se pd^sph^ri w^ereiime^stones, and other kinds ot 
carbonated littire> gyp|«iai> and {Murticularly the topj 



9ttdtliat smne)diam0nAB<metB^so ob^r^jsdl 4o be 
kiniiioils/by .siiQt>le: ^xp^sitire ta th^ Min -s myi^ ^^rjth* 
o«t being pr^tjously ignited ; while flinty saQd^fjas*. 
per, agatiS, (A^d rook; erysK;^), w^re iftpbd8|>bQfes€Qat, 
Not loilg after: iM^JBeiPO^ffia 4isQ0v>6i«d tbirt ^ 

great variety of otfaer. bedtes.w^^convertilri^ u^^<> 
pfaosphed, by e:q»osiil?e to the mere light, roftb^ 
sun ; not oj»ly Ibe vaurie<^3 of carbm^e^t^ 9mi $ulpbat 
of liihe, but organic animal j^mBin&., and. ge^des 
lined with miniite crystftbi ef qaar^ss; mojit'C^wpoiiiMl 
sskis, wbeft clear laud erygtaUized^jpartifCalarlyGlaii- 
ber's^ nitre^ and borax^ were aUo loand to be phos-* 
phorescent; of vegetable ^abstanipes all the farjoiu 
eeons and oily seeds,- ail the guiUs^ and sevei^al of 
the resins, the white woods, and vegetable fibre^ ei-i 
ther in the form of paper or linen ; also starch and 
loaf-sugar proved (jo be good pbos^liori,. after being 
made tfaoronghly dary, and exposed to the direct rays 
of tbe sun. Sundry animal matters, by a similar 
treatment, were also converted into good ph<>s^horiy 
particularly bone, elth^ fresh or calcined^ sinew, 
giew, hair,, horn, hoof,; feathers, and fiak sfaeU»# 
Tbe sanle property, he obs^ved, might be comma** 
nicated to rock-crystal, and some other of the gems» 
by rubbing them against each other, so as to 
roughen their surface^ and then placing lliem for 
spme minutes in the focus of a lens, by which the 
rays of Ijgbt were conpentrated upon them at the 
same time that they were>lso moderately he;ated« . 
In the year ITBS, ISHx^. Oauton contrilJated some 
important facts relative to solar phosphori> and 
communioated a method of preparing a very pQwer7 
fu^one, p^hich, after the inventor, is nsually called 
Canton's phosphi^^us* It is thiu» made: Calcinte 
eyster^sbdl^ m the opeai fire for kalf an hour; tb^n 
$elect the wid^t and. largest pieces, and mis: llfem 
with flower of sulphur in tbe proportion . of ^f 
part of tjie latter ite three parts, of the former ; padi; 
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the whole closely in a crucible ; late on a cover, 
and heat it pretty strongly for one hour;, when the 
crucible has again become quite cold, turn out its 
contents, and select the whitest pieces for use. Mr* 
Canton aflBrms, that his phosphorus, inclosed in a 
glass flask, and hermeticsdly sealed, retains its pro- 
perty of becoming luminous for at least four years, 
without any apparent decrease of activity. 

Mr. Wilson found that a much greater brilliancy 
of colour would be produced by letting the oyster- 
shells come in direct contact with the burning coals, 
or other inflammable matter, and by being covered 
with it ; and that if the covering matter be iron, the 
luminousness will be very bright; if steel, still 
brighter and more iridescent ; but if plates of char- 
coal, most so of all. 

If a common box smoothing-iron, heated in the 
usual manner, be placed for half a minute on a 
sheet of dry, white paper, and the paper be then 
exposed to the light, and afterwards examined in a 
dark closet, it will be found that the whole paper 
will be luminous, that part however on which the 
iron had stood being much more shining than the 
rest. 

The Action of Heat aided by Olase. 

324. If the rays of the sun dispersed over the sur- 
face of a glass, be concentrated in a point, it will 
thus become a burning lens. 

As all the rays which fall upon the lens, are united 
in its focus, their efiect ought to be so much the 
more, as the surface of the Tens exceeds that of the 
focus.. Thus, if a lens four inches broad collect 
the sun's rays into a focus at the distance of one 
foot, the mage will not be more than one^tenth of 
an inch broad. The surface of this little circle is 
1000 times less than the surface of the lens, and 
consequently, the sun's rays must be ten tines den* 
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ser' withia that circle ; it is not. therefore surprising^, 
that these rays bum with a degree of ardour and vio- 
lence exceeding any culinary fire« 

The most considerable of these glasses, are those which 
were made by lyi. Tschirnhaiisen and Mr. Parker. The dia* 
meter of that of Tschirnbausen was three feet, the focas was 
formed at twelve feet, and its diameter one inch and a half; 
it weighed one hundred and sixty poands. To render the 
focus more vivid, it was collected a second time, by a lens 
placed parallel to tiie first, and so situated, that the diame- 
ter of the cone of rays formed by the first lens, was exactly 
equal to the diameter of the second lens : so that it received 
all the rays ; the focus was contracted to eight lines, and its 
force was increased proportionally. 

The lens made by Mr. Parker, of Fleet-street, London, is 
formed of flint-glass three feet diameter, and when fixed in 
its frame, exposes a clear surface of two feet eight incheii 
and a half in diameter; its weight is two hundred and twelve 
pounds ; focal length, six ttet eight inches ; diameter of the 
focus, one inch. A second lens was used, which reduced 
the focus to half an inch. 

Some of the principal effects produced by these glasses, 
were as follow : 

1. Every kind of wood took fire in an instant, whether 
bard or green, or soaked in water. 

2. Iron plates grew hot in a moment, and then melted. 

3. Tiles, slates, and all manner of earth became red fn ti 
moment, and vitrified. 

4. Sulphur, pitchy and all resinous bodies, melted under 
water. 

' 5. Fir-wood exposed to the focus under water, did not 
seem changed, but when broken, the inside was burnt to 
coal. 

6. If a cavity were made in a piece of charcoal, and the 
substances to be acted on were put in it, the effect of the 
lens was much increased. 

7. Any metal whatsoever, thus enclosed in the cavity of a 
piece of charcoal, melted in a moment, the fire sparkling like 
that of a forge. 

8. The ashes of wood, paper, linen, and all vegetable sub* 
stances, were turned in a moment into a transparent glass. 

9. The substances most difficult to be wrought on were 
those of a white colour. 

10. All metals vitrified on a China plate, when it was so. 
thick as Hot to melt, and the heat was gradually communi^^ 
cated. 
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11. Wb^n copper was tlmsrinMt^d, «iii4 tkroWn ^olekly ia 
cold water, it produced so • violent. a shock, as Woke the 
strongest earthen vei^sels, and the copper was entirely dis* 
sipated. ' 

Obi. 1. Though the heat of the focus Was soiittense ii»to 
melt gold in a few seconds, yet there wa^ no ^heat at a small 
distance from that focus ; and the iSnger might be placed in 
the cons of rays within an inch of the focus, with6iit receiv- 
ing any hurt. 

2. Mr. Parker had the curiosity to try wfalat the sensation 
of burning at the focus was, and having put his finger tbere 
for that purpose, he says, it neither seemed like the burning' 
of a fire, nor a candle, but the sensation was that of a sliarp 
cut with a lancet. 

9. Yon may, by means of a burning-glass, char or barn 
a piece of wood 1o a coal, in a decanter of water, and yet 
the sides of the decanter, through which the rays pass so very 
near the focus, will not be cracked, nor any ways affected; 
nor will the water be in the least degree warmed. If the 
wood be taken out, and Ihe rays thrown on the water, no 
continuance of collected rays in this way, will either heat the 
water or crack the glass ; but if a pfece of metal be put into 
the water, it soon becomes too hot to be touched, and com- 
mtuiicating its heat to the water, makes it not only warm, 
but sometimes causes it to boil. 

4. Though water atone be not affected, yet, if a little ink 
be thrown into it, the water will soon be heated. 



SECTION III. 

METHODS OF OPERATION BY FIRE, 

^25. Evaporation separates a fluid from a 8c4id» 
or a more volatile fluid from another which is less 
volatile. 

Simple Evaporation is used wben the more vola* 
tite, or fluid substance, is not to be preseryed. 

Various degrees of heat are employed for this purpose, ac- 
cording to the nature of the substances. It is performed in 
vessels of wood« glass, metal, porcelain, &rc. Basons ma4e 
of Wedgewood's ware are very convenient, as they are not 
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apt to break by suddeo chan^ei of heat* Small flasks of 
thin glass also ; these are placed eitlier over the naked fire, 
or in a vessel filled with sand, which is then called a satul-' 
bdih. This affords a more regnlar degree of lieat, and ren- 
ders the vessels less liable to be broken. 

• When the flnld which is evaporated must be preserTcd, 
then the operation is called distillation. 

326. Distillation is evaporating in close vessels, 
when we wish to separate two fluids of different de- 
grees of volatility^ and to preserve the most volatile* 
or both of them. 

The substance to be subjected to distillation is put into 
st»Tne vessel that wHi resist the action of heat, called a retort, 
an alembic, or a still, having a beak or neck projecting trom 
it, to which is attached another vessel, to receive^ tlie fluid 
that rises first, which is called the recipient, or receiver. The 
vessel that contains the liquor to be distilled is placed upon 
the fire, or in a sand-bath, or over a Jamp : the heat canses 
the most volatile fluid to rise in the form of vnponr, and to 
pass into tlie receiver, where it is again condensed by cold. 
This condensation is sometimes assisted by making the va- 
pour pass through a tube which is immersed in a vessel con- 
taining cold water. 

. 337. J)ecQction is the same pi^ocess as the last by 
boiling water. 

The various degrees of heat which are required 
for the performance of chemioal operations, from 
that of a wax- taper to that of the most powerful fur* 
nace, render a variety of fire-places, or furnaces, 
necessary for ai chemist. 

Those furnaces are either open at top^ or they are covered 
with what is called a dome, and have a chimney, or tube, to 
carry off the heated air, smoke, &c. They are sometimes 
supplied with air from the natural action of the fire, which 
rarefies the air about the ignited fuel ; and the rarefied air 
becoming specifically ilghtet^ • ascends into the chimney, 
whilst the colder, and consequently heavier air, is forced by 
the atmosphere to enter at the lowet pait of the furnace. 
Some furnaces, arc supplied with air by means of bellows ; 
and those are applied for forging iron, or for reducing me* 
fkis from the ore, tt^hich is called smelting. Hence the fmr- 
in«e| derive tiieir vanouft names, and are called Htr^le or 
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ooenfumaeet, reverheratoryfitmaeeSf wind, or air JunuteeSylhit 
jumuceSyforgeSy smelting furnaces, ifc, 

328. Fusion. The melting or causing any body 
to pass from the solid to the liquid state^ by the 
action of fire, is called fusion. The fnsion of me- 
tallic substances requires vessels sufficiently strong 
to resist the fire. Those vessels are mostly, if not 
always, made of earthen-ware, or porcelain, or a 
mixture of clay and powder of black-lead. Tiiey 
are called crucibles, and are sometimes vessels with 
covers made of earthen-ware; but sometimes the 
fused metal must be exposed to a current of air. 
In that case, the crucibles are broad and shallow* 
These are called cupels, and they are formed of cal* 
cined bones, mixed with a small quantity of clay, 
or of a mixture of clay and black-lead powder* 
But the cupels must not be placed in a closed Air- 
nace, or be surrounded by coals ; for, in that case, 
the required current of air could not have access to 
the fused metal. They are therefore placed under 
a sort of oven of earthen-ware, which is called a 
muffle, which, with the included cupel, is exposed ta 
the heat of ^ furnace. 



CHAPTER XV. 

MILITARY AND NAVAL TACTICS.. 
SECTION L 

FORTIFICATION. 

829. This is a species of architecture, for in the 
construction of works of defence, we employ all the 
(files of that art agreei^bly to geometrical principles* 
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Bat the stadent must not expect here to find a trea* 
tise on each branch of the art. Confining ourselves 
to facts and terms, our observations will savour 
more of definitions than rules for practice. 

Fortification is usually divided into ancient and 
modem ; offensive and defensive ; regular and irre- 
gular. 

Ancient fortification consisted principally of de- 
fences constructed with trunks and branches of trees, 
mixed with earth, for security against the attacks 
of an enemy. Afterwards, when battering-rams, 
catapults, and other instruments of attack were in- 
vented, fortifications were constructed of thick walls 
of brick or stone, with towers, placed at suitable 
distances. 

The object of modern fortification is to furnish 
defence against assailants with fire-arms, the walls 
are turned into ramparts, the towers into bastions, 
defended by numerous out-works; so constructed 
that they cannot be beaten down but by the fire of 
cannon. The works are contrived so, that one part 
flanks or defends another, and render the approach 
of the besiegers to any part very dangerous. 

Regular fortifications are erected in the shape of 
regular polygons, the sides being at least a musket 
shot from each other, and fortified according to the 
rules of art. 

Irregular fortifications, on the contrary, are those 
whose sides and angles are not uniform, owing to 
soma irregularity of the ground. These usually oc« 
cur in 

Field fortification^ or the constructing of tempo- 
rary works n>r an army intrenched, or fortified ilti 
the field. In this position it covers a ^country, 
supplies the want of numbers, stops a superior eaet* 
my, or obliges him to engage at a disadvantage. 

The materials used for field fortifications, are such as can 
be readily obtained, viz. sand-bag;!, eartbi and fascin.^a, or 
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faggots of small wtKid, abo»t ten feet long and one foot &iek, 
fattened to the ]>arapet, by pickets driven obliquely into the 
bank. M'hen wood cannot be obtained for the fascines, the 
parapet is surmoanted with turf, four inches thick, and a 
foot and a half s<|uare. But circumstances determine the 
cUnensions of tlie work. 

Bridges of boats are employed for accelerating 
the passage of troops across deep and rapid rivers. 
The most carious of this kind was 

A Bridge of Boats huilt across the Hellespont. 

330. Xerxes, king of Persia^ commanded a bridge 
of boats to be laid over the Hellespont, for the 
passage of his forces from Asia into Earope. The 
sea which separates Sestos and Abydus, where ttie 
bridge was built, is seven furlongs over* The work 
was carried on with great expedition by the Phoe* 
nteians and Egyptians, wlio bad no sooner finished 
it, but a violent storm arising, broke it in pieces^ 
and dispersed or dashed against the diore the ves* 
sels of which it was composed : which when Xerxes 
heard, be fell into such a violent transport of anger, 
that he commanded three hundred stripes to be in- 
flicted on the sea, and a pair of fetters to be thrown 
into it, injoiniikg those who were trusted with the 
execution of his orders, to pronounce these words: 
** Thou salt and bitter element, thv master has eon- 
demned tbee to this punishment^ for offeDding him 
without a cause ; and is resolved to pass over thee, 
in spite of thy billows, and insolent resistance/' 
The extravagant folly and madness of this prince 
did not stop here ; he commanded the heads of those 
.wbo had the direction of the wcMrk to be struck off* 

In ' their rooih he appoinled more experienced att>bitect& 
to bo41d two other bridgtes^one for the army, the other for tho 
beasts of burden, and the baggage* \A hen the whole wodL 
wtLS compleated, and the vessels which formed the bridges 
secure against the violenee of the winds, and the <HirreDt of 
the water, Xerxes departed fom Sardis, where the army had 
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iviatered, and directed his march to Abydvs. Wliett he ar- 
rived at thsEt city, he desired to see alt bis forces tog^ether ; 
and, to that end, asceading a stately edifice of white stone, 
which the Abydenians had built, on purpose to receive him in a 
manner suitable to his greatness, he had a free prospect to the 
coast, seeing at one view both his fleet and land forces. The 
sea was covered with his ships, and the large plains oi* Aby- 
dus with his troops, quite down to the shore. While he was 
sarveying the vast extent of his power, and deeming himself 
the most happy of mortals, bis joy being all on a sndden 
turned into grief, he burst out ihto a flood of tears ; which 
Artabanus perceiving, asked him, what had made him, in a 
few moments, pass from an excess of joy to so great a grief* 
The king replied, that, considering the shortness of human 
life, he could not restrain his tears; for, of all these numbers 
of men, not one, said, he, wdll be alive an hundred years 
hence. All things being now in readiness, and a day appoint- 
ed for the passing over of the army, as soon as the first rays 
of the sun began to appear, all sorts of perfumes were burnt 
upon the bridge, and the way strewed with myrtles. At the 
same time, Xerxes, pouring a libation into the sea, out of a 
golden cup, and addressing the Sun, implored the assistance 
of that Deity, begging that he might meet with no impedi- 
ment so great as to hinder him from carrying his conquering 
arms to the utmost limits of Europe. This done he threw 
the cup into tfie Hellespont, with a golden bowl, and a Per- 
sian scymitar ; and the foot and horse began to pass over 
that bridge which was next to the Euxine, while the carri- 
ages and beasts of burden passed over the other, which was 
placed nearer the .^gine sea. The bridges were boarded, 
and covered over With earth, having rails on each side, that 
the horses and cattle might not be frightened lit the sight of 
the sea. The army spent seven days and nights in passing 
over, though they marched day and night, without intermis- 
sion, and were, by frequent blows, obliged to quicken their 
pace* At the same time, the fleet made to the eoasts of Eir- 
rppe. After the whole army was passed, Xerases advanced 
with his land forces, through the Thracian-Cbarsonesus to 
Doriscus, a city at the mouth of the river Hebrus, in Thrace : 
bttt the fleet steered a quite different coarse, standing to 
the vrestward for the promontory of Sarpedon, where they 
vrere commanded to attend farther orders. Xerxes, hav- 
ing encamped in the large plains of Doriscus, dnd judg- 
ing them convenient for reviewing and nambering his troops, 
dispatched orders to his admirals to bring the fleet to the 
adjacent shore, that he might take an account both of his sea 
and land forces. His land army,t)pon the muster, was found 
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to consist of one niilUon sevei»handred thonsand foot, and four- 
score thousand horse ; which, together with twenty thousand 
men who conducted the camels, and took care of the ba^- 
jipage, amounted to one million eight hundred thousand men. 
His fleet consisted of twelve hundred and seven large ships, 
and three thousand gallies and transports : on board all these 
vessels, there were found to be five hundred and seventeen 
thousand six hundred and ten men. So that the whole nom* 
her of sea and land forces, which Xerxes led out of Asia to 
invade Greece, amounted to two millions three hundred and 
seventeen thousand six hundred and ten men. 
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SECTION II. 

TACTICS, DISCIPMNE, AND DISTINCTIONS OF RANK. 

331. Military tactics teach the art of disposiog 
forces in battle array, and performing its proper 
motions and evolations. 

The Greeks, skilful in this part of the military art, had 
public professors of it, called I'actici, who taught and in- 
structed their youth. Tactics signifies also the* art of inTent- 
ing, and making machines for throwing darts, arrows, stones, 
fire-balls, &c. by means of slings, bows, and counterpoises. 
Naval tactics^ instruct us in the arrangement of a fleet for an 
engagement by sea. 

Military discipline, or the training of the sot 
diers, and the due enforcement of the laws and re- 
galations instituted by authority, may be considered 
the soul of all armies; unless it be established with 
prudence^ and supported with resolution, assemblies 
of armed men are little better than a rabble^ and 
more dangerous to a state than its enemies. 

By the force of discipline, men are kept in obedience to 
command, in opposition to the impulse of their passions ; and 
make each anny, as it were, a complicated, but immense 
and energetic machine. 

Rank is the appointment of officers or a grada- 
tion of authority necessary towards the establish^ 
Qi^nt of discipline and subordination* 



Discipline and DistinctianS of Uank. 333 

An army is commanded by a eaptain-general or com- 
mander-in-chief, and general and staff-officers. Field-marshals, 
long disused in the British army, have been revived in the 
persons of their Royal Highnesses the duke of York, and the 
prince of Cobonrg ; the duke of Wellington, &c. The rank 
of commander-in-chief corresponds to the degree of field- 
marshal iu the French service. A lieutenant, or even a ma- 
jor-general, has sometimes the appointment of commander- 
i)^cllief. When an ariny is considerable, the following is 
deemed an adequate staff, exclusive of the commander-in- 
chief: a general for the horse, and one for the foot, ofi ge- 
neral for each wing of the army : a major-general for every 
two brigades ; and nearly half that number of lieutcnant-|;e- 
nerals. But the duties of all these are much the same ; the 
terms denoting chiefly the gradations of rank. 

General ojficers may command any number of men, from a 
company or troop to several regiments. Generals have no 
pay except when employed ; but then they have firom two to 
ten pounds a day. 

The commander-in-chief, or captain gineraly or 
general, commands all the military of a oation or 
army ; he receives himself his orders from the king, 
and commanicates them to all general ofBcers, who 
distribute them through all the corps of the army. . 

Colonels command regiments — but there are lieutenant-colo' 
nels who are the second officers in regiments, and command 
in the absence of the colonels. 

The Major-general acts immediately under the general, 
receiving his orders and delivering them out to the majors 
of brigades, with whom he concerts what troops are for duty 
or guard, detachments, convoys, or foraging parties. 

The major rf a regiment conveys all orders to the regiment 
after he has drawn them up, sees it march, provides quarters, 
Ice. He is the only officer of an infantry regiment who is 
allowed a horse in service, to facilitate communications. In 
a regiment of horse, the major commands in the colonePs al>- 
seacc* 

A brigadier commands a brigade ; and the eldest colonels 
are usually such us are advanced to this post. Whoever is 
upon duty is brigadier of the day. He marches at the head of 
his own brigade, and is allowed a Serjeant and ten men of ' 
his own brigade for his guard. The rank of a brigadier- 
general in the British service used to be suppressed in time 
oi peace. Brigadiers, or sub-brigadiers, are posts in the 
horse-guards. The brigadier or brigadier-general appoints 
an officer called a Brigade Mafor to assist him in the ma- 



jaSA Military and NmcJ Tactics. 

na^ement of bis bri^ade^ Expemmed ca^imw ane ap« 
pointed to Ibis post ; and act in tbe brigade a« major-^ 
nerals do in the army, receiying Uieir orders from their eom- 
roanders. 

Captttins, A captain-general is b^ wbo commands in chief. 
A captain of ix troop, or company, commaiMifi a troop of horse, 
or company of foot under a colonel. His duty is to be care- 
ful to keep his company full of able-bodied soldiers ; to wit 
tiieir tents or lodgings ; to see what is wAoting ; to pay them 
well ^ and keep them neat and clean. He has the power, in 
bis own company, of making Serjeants and corporala. In the 
horse and foot-guards, the. captains have the lankof colonela. 

The commissioned officers subordinate to tbe captain, are 
the lieutenants and ensigns, commonly called subaltern of? 
ficers. These, ibough their rank is not the same, |»erfittm 
duty together without dlatinction. Thcar ordinary dutifis are 
in garrison, guards, detacbmenta, courts*martiad» Ihe Tisitiiig 
of hospitals and barracks, fatig»es on working pacdes, md 
orderly duties. And no officer can exchange liis duty with 
another, except by permission of the commanding ofllcer. 
Thus, the ensign bears the colours and has charge of them 
in battle, yet is he under the lieutenant. * 

The. adjutant assists the jnajor^ and receives his orders 
nightly from the brigadenmajor ; these after being SttbmU- 
ted to the colonel, he delivers to the seijeants. Almost all 
duties are regulated by the adjutant as major^s assistant, as 
detachments, guards, ihe eharge of ammuniiimi, tbe prices 
of bread, beer, &c. 

The quartcT'^na^r is rather .a civil thaa a military officer; 
and though next to the adjutaiKt, be has nothing to do with 
the discipline of the regiment. He soperkitends the do^hing 
quarters, anununition, firing, i&c. 

' The stirgewi, a commissioned officer cm the staff of the regi- 
ment, requires to be skilled in physic, pharmacy, and ana- 
tomy* 

The cliophin, the last coromissioned officer on tbe staff, is 
generally allowed to act by deputy when he thinks proper. 

Serjeant-major y the first, and properly speaking, the only 
non-commissioned officer on the staff, bears the same subor- 
dinate relation to the adjutant* as the adjutant does to the 
commanding officer; and as the adjutant keeps register of tbe 
officei's, so does the seijeant-major of the sergeants and cor- 
porals, whom he warn» in tarn for dnty, and orders the 
quota of men each company is to furnish. The seijeaiit- 
major attends all parades, to see if the exact aomber 
cf men are tliere, and that they are clean . and well dves«- 
ed. He is to make the other seijeants and coriMurals re- 
sponsible for neglect in any of those particulars. When 



the roUs are called^ hie assembles ^e Serjeants of each com- 
pany in front or rear of the regiment, in order to receive 
their reports, and deliver them to the adjutant. He must be 
well acquainted with the exercise and nsanoenvres, in which 
it is frequently his business to instrnct the young oflioersw 
He nwst be versed in regimental doty m general, aind his 
4wn in pftrticvlar. 

The nMixcomnnssioiiedofficers are the serjetmts and^orp^TWf, 
and ufM)n a proper choiceo^f these,itiie discipline of the compa- 
ny principally -depends ; it is more immediately their bastnesn 
lo form tne soldiers : from their continual intercourse with 
4be men, they have it in their power to attend to matters 
whioh canAOt -c^ime under the notice of others. The seiv 
jeawts being the nerves and sinews ef a corps, a oommaiMl- 
iiig officer in promoting private soldiers to the knot, has 
principally in view the forming of properebaraoters for the 
oaibert. A Serjeant's command is from twelve to eighteen, 
with a corporal, and that of a corporal, irom three to >nine|>n- 
yates. The noncommissioned officer cannot change his 
•du#y without leave of the serjeant-major, or the adjutant, as 
well as the com«nailding-officer of h«s eompany. When un- 
der arms, or 4rawn up in rank, the corporals are not to ash 
Sfune any command, or give directions, but must attend to 
tbe word of command like the private men. Tl»^ shoa4d 
he expert and grac^ul in handling their arms, fl» they are 
to serve for models to the young soldiers. 

The di^nt-me^r oommands €^e drum boys, for v^ose good 
appearance he is answeraMe, and he looks to their "drums 
^£at they be in good order. 'He has many other trifling du- 
ties to perform^ which it would be tedious to narrate. 

The #(4f^i«r, thengfc hnmble in ranki is mighty in the ool- 
lectite force "of an army. 
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SECTION IlL 



OORFS OF AN ARMY. 



332. A battalion has frcwtii five to «iglit hundred 
men, but in war time one thousand. These are 
again divided. into companies. In garrison the old- 
est regifliients on.prarade take the lughtrthos^^ second 
en the left) and the youngest fall into the cent^re. 
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Each battalion consists of four divisions ; eacb Au 
vision of four platoons. 

A brigade coDsists of several regiments^ eltber foot or 
horse, under the command of a brigadier. 

An army iff divided into brigades of borse, and brigades of 
foot. A brigade of a troop of guards is a lliird part, but ^ 
tbe troop consist of one hundred, then only a sixth* There 
are, properly speaking, three sorts of brigades, viz. the bri- 
gade of an army, the brigade of a troop of horse, and the 
brigade of artillery. A brigade of the army is either infan- 
try or cavalry, whose exact number is not fixed, bat gene- 
rally consists of three regiments, or six battalions ; a bri- 
gade of horse may consist of eight, tmi, or twelve squad- 
rons ; and that of artillery, of eight or ten pieces of caniHm, 
with their appurtenances, and the complement of men. 

Cavaity are soldiers mounted on horseback. The chief 
use of cavalry is to make frequent excursions to disturb the 
enemy, and ensure the retreat of the in&ntry. 

Dragoons are employed both on foot and on horseback. 
They are usually posted in the front of the camp, and if the 
ground permit, march first to the charge. They are divided 
into brigades like the cavalry, and each regiment into troops; 
each troop having a captain, lieutenant, cornet, quarter-mas- 
ter, two serj^nts, three corporals, and two drums* Dra* 
goons are useful where dispatch is requisite. 

Hussars^ a soldiery in Poland, and Hungary, commonly 
opposed to the Ottoman cavalry, are horsemen cloathed in 
tyger's and other skins, and decorated with plumes of fea- 
thers ; their arms are the sabre and bayonet. Hie Gtenoaa 
and British Hussars are generally handsome men, well 
mounted, but most fantastically and expensively cloathed ; 
but the trappings of a tailor's board are more likely to be- 
get pusillanimity than courage. However, they are very re- 
solute, and better in skirmislies than in a set battle. 

Lancers are cavalry furnished with a lance, sabre, and 
pistol, and well mounted on light but hardy horses. These 
troops serve well in skirmishes and excursive duties. 

Lighi horse are cavalry of lighter make and equipment 
than the heavy dragoons or life guards. And we some- 
times say of a single independent troop, the iight horse. 

A squadron amounts to about two hundred horse, or more 
properly, three troops of fifty men each ; and a troop is a 
small body of men from fifty to eighty, commanded by a 
captain. There are usually ten troops in a regiment. 

A regiment consists of several companies of infantry, or 
troops of borse^ commanded by a colonel and major* 'Tha 
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of meaihi a rflgiaiftat is-from six haadced to. ofto 
thooKand. . 

Con^xni^ig a body of infaatry, commanded by a captain. 
There are commomy fifliy privates, three Serjeants, three 
corporals, and tira drams. A company in the gaards con- 
riste of eighty private men. Itukpendiu tiunpiLnUi are not 
enbodieidiBWrefiwe»ts'*- ^ 

Fimlters are foot soldierji armed with maskets,^ which are 
generally slung, and there i» a regiment of JTusiieers to 
guard the artillery. - 

MiiiHa are troops ndsed at the expense of the counties^ 
bol equipped, paid, and trained by the government. Being 
selected by ballot in their respective counties for local de- 
fence, they are never moved from England to Ireland, or 
Scotland to England, nnlesss the .\ct of Parliament for their 
enrollment specifies such movement to take place. Wounded 
militia-men enjoy the same privileges as men of tlie regular- 
army. 

Grenadieri form one company of every regiment. They 
are the tallest men, picked out of the whole, and march at 
the head of that regiment 

Jiuduariet^ an order of infantry in the Turkish armies, and 
considered the foot guardis of Uie grand signior. The disci- 
pline of diese soldiers is in many respects analogous to tliat 
practised in the Roman legions. 

Great Britain had in the late wars 30,000 cavalry, 150,000 
infantry, and 5000 engineers and artillery-men, whose duty 
it was to direct fortifications, and to manage cannon in the 
field. 

She had, besides, 80,000 militia and fensibles, who served 
for a limited period, and did not go abroad ; 20,000 marines, 
soldiers who served on board of ship ; and 10,000 local volun- 
teers. 

An army is divided into divisions, these a^ain into bri- 
gades ; and these last into regiments, consisting of 700 ca- 
valry, or 1000 infantry ; and each regiment is again subdi- 
vided into ten companies. Some regiments consist of two 
or three battalions ; but each battalion generally consists of 
as many men as whole regiments of one bacttalion. 
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SECTION IV. 



OF ARTILI.ERY AND MUNITIONS OF WAR. 

333. Thb word artillery denotes fire-arms^ as 

. VOL. I. Q 



camion minted on ciltfiag«s». ami iwtffy fov fMH9 in 
the field, with balls, bombs, grenades, &c^' • The 
tfirm, in a more extensive meaning, hitltided tHe 
powder, the matches, instruments for fire-workjs^ the 
otensils of ordnance, the maohineft wJueh laciUtate 
their motion, the vehicles over which tbejr trave fg e 
rivers, and, in short, all that enters* into* the form 
of a train of artillery. Artillery, in a particular 
sense, signifies the science of artiUeiry orgunn^y, 
comprehending geometry, tr^n^MBietrr, eonie see^ 
tions, mechanics, fluxions, moticns df projectiles, 
whether m a non-resisting, or a resisting medium ; 
the natnre constitution, and expansive force of gun* 
powder, &c« 

The changes introduced into the art of war, by the inren* 
tion of gunpowder, were very slow. The martial adventurers 
or older times were not fond* of re1in(|uhihin|r the arms to 
which they had been accustomed ; atrd it was oifficuh to find 
instruments to manage and direct an agent so impetuous as 
gunpowder. Some of th^ cannon:! were exceedingly large, 
and others very small. Some discharged balls of ^ve-hun- 
dred pounds weight, and required- fifty Horses to draw them, 
and others Were not much heavier than a nirasquet. Many of 
flie cannon-baHs were made of stone. In 1419, Henry V. 
gave a commission to th)hn Sooth, eletlf of the ordnance, 
and John Ben net, mason in Maidstone to press a sufficient 
number of masons to make seven thousand cannon-ball^, in 
the quarries of Maidstone-beath. It is a curious and well- 
attested fact, tliat the art of discharging red-hot balls from 
cannons was knowu and practised early in this period. 
When an English army, commandetl by tite duke of Glou- 
cester, besieged Cherbourg, in 141B, the besieged discharged 
red-hot balls of iron fr6m their cannon Into the English 
camp, to burn the huts in which the soldiers were lodged. 

Though great guns were now used both in the attack and 
defence of places, no alterations werii yet made in construct- 
ing and fortifying such places : the prodigious thickness and 
sotidity of the wsdis of the Anglo-Norman castles, made them 
appear sufficiently strong to re^st anv force with which tiiey 
could be assaulted. The truth is, that the people of Eng- 
laiid, in this period, were much more employed in beating 
down, than m building. Many large, strong, and magnifi. 
cent castles were demolished or dismantled during the de- 
solating civil wdrs, between the houses of York and Laneas- 



ttfr <ito i to wtiyifeW>ww»effetafce^Vfee»'i^^ liHse> emtleir 
were destroyed^ tbeir noble proprietors, who dilgilt Itfive ro*-' 
bailt them, were either killed or ruined* 
* Itis only a few ycihiiiiiice thaif th6 asd'ofcatthbfn or* artiN 
lory, jhi the field') kasbeeome so g4»tiet«Ai; ' 

^Abowtthe je^ id48/4|rQ£iiglisb Artillery OK>tsiM«d«iit|^ 
of (k mastor of arti^erj^ lievUenaajt, soryeypr, plerk, j^oaw^ 
master-gunner, gunstock-maker, two gan-founderSyta. gun- 
smftli,. artificer, master oafpenter, and Otie hundred and nii^e 
gnoAefttS; tlie toMf t^di^e for one ye^t^hein^ 1547^. ^. 2d, 
Daring' ike-Togm ibt Eftiaabsth, ' the (Bstadrfishncat 'w^ in* • 
creased, so that the salaries of the officers only amounted to 
*a074^. Id*. In the jear 1597. From that period the artgrhen« 
tation was gradual Ull the American war, and the French 
revolntiao dtcaSioned a very rapid increase. That aei'a of 
the French revdlntion niay be considered that of fts complete 
adoption; this was not.a fitfle aided by Dr. AhdersoYi^s in- 
vention of the y^ythg* aHilferji, which was subQlitted to, and 
rejected by, the English government' during the American 
w^r, when the ingenions Inventor' carried his plan to France, 
where it was instantly adopted. , 

The present establishment of artillery consists often bat^ 
tajlions, besi4es an ii^valided b|E^tta|ion. The wo^dcs fo( :giins 
s^d gun-carriages, &;c. are carried on at the |loyal Arsenal 
Woolwich, and are wonderfully extensive, employing usu- 
ailiy'foak>or fiv^ theusavd ilieii. ' The estaft^Niriiments- at the' 
Tower «f I«oBd«n^ and at Chftthaai/ cottneoted with tlie artiU 
lery , .and ordnance, are als<K immctoae ;t and the eiEpense to' 
government very considerable, the ordnance estimates being. 

now from four to five millions sterling annually. . 

• ■/''' 

334. Emffine$rs draw out tlie plans of attack 
at sieges aiMl for the defence of towfiis when be- 
sieged. They have the sole constrUjCtion and dispo- 
dtion of all fortsi redoubts^ t>^ttei*ies, mines, &c« 
the fortifying of. oamps au^ ports, reconnoitering 
theeoemy's w^rks, sketehing plsuns and snrv^ of 
a country, discoverfrig advanta^edns methods for 
marching, retre^ing, attacking or defending/ And 
they are nsq^y men of good mathematical science, 
and wdl skilled -ii^ military arohitectare. 

Obi, The royal military academy at Woolwich^ established: 
by Geo. II. in 1741, is a regnliar engineer college, where 
^Uliit arc iostfdcied in all those branches of literature and 
8^11^ whMi iiii^yiflt» tbetavibr cfotifnuolditigr) a^ieiymen, 

Q2 
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engiiMeiiy md diveetittg the openitk>ii» of nlilftery mrMUo^ 
tore in tlM field* 

835* Cofinoit are destractive iIlstrum^ats tbat were 
first used at the battle of Cress v in 1346» by Edwaid 
tike Black Priaee. At thi» battle, the French, whose 
namber exceeded one hundred thousand, were de» 
feated by thirty thousand English, chiefly by the 
valour of the prince of Wales, coaunoaly called the 
BhuJk Prince, fiom the dark hue of his. armour. 



' Oh$, Above tkirty-five thousand of the Frendi were 
amoDg^ whom were many of the principal nobility, twelre 
hundred knig^hts, atid fourteen hundred gentlemen; while 
the English lost only three knights, one esquire, and a small 
number of priYate men. On his return to the camp, Edwmrd 
flew into the arms of the prince of Wales, who had distin- 
guisbed himself in a remarkable manner. '* My braye son 1" 
cried he, *' persevere in your honourable course. Yon are 
my son ! for valiantly have you acquitted yourself to-day. 
You have shewn yourself worthy of empire.'^ 

836. AMortur is a short piece of ordnance, thick 

and wide, for throwing bombs, carcasses, shells, and 

stones. English mortars are fixed at an elevation of 

forty-five degrees, as you see one in the area of the 

horse-guards; but ours is the only nation that so 

fixes them. 

The use of mortars is reckoned older than that of cannon: 
for they wwe employed in the wars ci Italy toUnow halh of 
red hot iron, and stones, \omg before the invention of shells* 
The Germans are generally believed to be the first inven^MB* 
and it is affiiTned that Uiey first used them at the siege of 
Naples in 1435. Shells wei^ certainly thrown out of mortars 
in 1689, at the siege of Waolitendoroh in Gneklerland, 1^ 
the Earl of Mansfield. Shells were invented by an uafiMtn* 
nate accident^ A .citia^u of Venlo, on a festival, celebrated 
in honour of the Duke of Cleve, threw some shells, one of 
which fell on a house, and set fire to it By this misfortune 
the greatest part of the city was redneed to ashes, but an 
invention was made. Malter, an English engineer, in 104^ 
first taught the French the art of throwing shells. Red hot 
balls were thrown from mortars, at the siege of Stralsond in 
1675 ; and since that tinie they have ffeij^uenuy been employed. 

337. Ordnam»f a general iesm lor all sorla of 
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great'-gmis/caniiotiy and mortarff, is; however, distiii^ 
fished into two kinds, field-pieces, and cannon ; the 
ronner are isiuaUy fr<Hii fbivr to twelYe paonders ; 
the lattar from calveriiM io great ^gniiSy eight and 
forty ponndc^s. 

838. Shot is a general term for all sorts of balls, 
or bullets for fire arms, from a^ pistol tp a qannon. 
Mnsket and pistol bullets are of lead ; canncm^balb 
of cast metaL ' 

339. Bnllet. Chain ballets eonaist of two balls, 
joined by a chain three or four feet apart. 

J^D^keadedbuVteU are twolialveB of a biriletyjoiiied by a 
bar or chain, chiefly used for cvAlmg cords,: cables, salb, 
&c. .called alsc.c^m jbot. JSrmick haShU, ,aro two balls 
joined by a bar of iron five or six inches apart. ffoUaw 
baUets are shells cylindrical, with a fitseeat one end. Red hot 
bdlletB are made so by being heated in a forge, in order to set . 
fire to plaecs where combustible matters are found. 

340. A Bondf is a hollow iron ball or shell, thrown 
out of a mortar. Bombs are of different magnitudes, 
and are filled with gunpowder. , 

'When shot from the mortar, a fiisee'in'them takes fire, and 
itS'lengtii is so adjusted, that 1>y the time the shen has ^ 
mshed its flight, the fusee has burnt up, and explodes the 
gunpowder within so as to burst the shell to pieces just as it 
Is falltng to the g^round ; this, of cours^ inci^eases its execn* 
tlon,'aiid causes greater devastation. 

.; 341. X^grenade resembles a.bom|),,but is less.and 
niay be ca^t with tbeban(|., ."llie usual weight of a 
grenade is three pounds ; .and filled with a strong 
powder ligb^d by a fusee. : , , 

342. Gunpowder we have elsewhere described. 

343.. Jlft£si:«i« werefirstuseid by the, Spaniards about 
1500 ; but they were very clumsy, being supported 
by a rest irom the ground, and fired I^y a match. 

, Locks of flint and st^sel, called .firdecks^ were not intro- 
duced till the wars of Willi^ III. and Queen Anne. 

The length of the musket is fixed to three feet eight inches, 
6om the nu»le to the toueh-pab, and its bore is such as 
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m^y WJepire ft h^l of suUjm)| to ^ poniWr , TN<?r« arp two 
sqrts of pnu^ mtb muskets, qffepsive s^nd defen^ive^ |t. Qf^ 
feniiye: The objtect of fire agaiiiidt cavalry is to fcfeep them al 
« dtolatle^; aAd to'd^tet them' fMni Ihe altaelr. "But against 
infiuitey^ it canuitbct too hea«y er quick, and tkoiiid lie eon- 
tioued till the enemy is beaten or repulsed. % JitfmiHve %t^ 
l>eloingf, principally to kifaptry,when ppat^d on heiriits, ^hich 
are to be defen<|ed by musketry. As soldiers generally pre- 
nent toof hig^; and at fire is the greatest ebnsequence to 
troops Hiat are on th^ defbasive, the habituif mode of firing 
should therefore be rather at a low level thaiL^ly^ qb^^ 

' 844. OaHriMW ar^ ttied by drago«>ns 4\an^ at'ii belt 
over the right sbonld^n Bnt those^oopi cAlcA 
cBxhmm^, ai:« light barse with /QajrhiMs nkwX two 
feet loBff in the bafrd. 

8^. A jpistoli% used with one faand^ and kept in 
a hoUter by drajgooud. Sic. 

346f A hayonet js of great ui^ tp the dr«gooo9 loid 
fusileers, after they hare spent their powder and 

The French used to be 'much celebrated for Uieir charge 
with the bayonet. But the' nmsoukr sft^n^ and deter- 
*mined j-esotetion of tlM^BHllsb^iui^. of. )lato,.4iniilil9|iod this 
eelobrHy ( four it is not rtp be ooQf^od ttuNtn^ tro^f* oaa 
witbsiwl the Biat»sh wJtien the battte is decided, by tholNUA- 
net. 

847, A halbert is a staff about five feet long;, with a 
steel head, like a crescent. This was anciently a 
connndn weapoii/atid is still carried by the seijieants 
of foot. It was called the Danish axe, became ftst 
borne by the Danes ; from whom it paissed to tbe 
Scots ; thence to the English, andii^enrards to the 
'Freilch; ,,:.>,."• ,'•.*. 

846. KpfJMardf' used dii^fly by tisMpi tod Asia- 
tic nati»ns> is a short sword. 

849. Arthety aneiedtly one tt thepriiicipti uttdes 
of warfare, was nmoh eneoui<aged e^emln En^^aad. 
Now it is cofilfhi^d to Asiatic and American tribte, 
or roving Indians. :' Henry;. V, of Englaj^di, /s^M 
for Harfleur with about ^4^000 foot, mostly archers. 



950. The how te liie most ancieut )»f ail 'veapeii8% 

,•■'*■' . ■ • ' " ' 

: . A JL«jM^i>Qw 1$ inaii« of.two pieces of touyg^ ^nil strong 

w<km19 sba^^ down to th.e flame sise^ and trveft flatted oa 
each Me; tke two flat sid^s of the pieces are brought closely 
and evenly tofether*: and then joined by mean^ of a very 
strong gltt?. The tw^o jpieoes united^ in this manner, wift 
seWom sep^iTfite^ and the how expeU the arrow with greater 
€ffr€i^» Amonfijhe ai^eienif, how-strings were made; ofhorse- 
faair ; thougphHoia^'s bqw strings were made of hides cut 
ijit» small wongs. The bows werp composed of wood^ and 
some of hom^ The Seylhian bows were distinguished from 
those of othor nations by their incunration, which formed a 
hsUfHnoon.or seoti-cincle, A erass-baw consists of a steet 
bow, set in a shaft of wood, and furnished with a string and 
a trJggejT* It serves to throw bullets, large arrows, darts,, 
&c. The ancients had machines for throwing many arrows 
at once. 



BfiOTiOM V. 

KAVY. 

I 

8fiL It wm14 be foil;^ to 4epart &om the fiayy of 
Qrmt JBrUaia for iUaslratip;! of thiai section. J^.q 
UAlMi in aBeient or modem time;i boasted a aavji 
equal to Mr^dvring tbe last war. 

Of tiie arts and professions whioh attraet netioe, none is 
more astonishing and marvellous than navigatioBy in ite 
present state, comparing the small craft of antiquity to a 
majestie first^nte, containg ltX)0 men, ' with theiir pvoij^ifinsy 
dfinft, (wmMgiBf iqpparei, mad otfaisv necMttnes for maiiy 
months, besides 100 pieoet of fanavy ovdhMmee; ipd h^wcmg 
aM this vast appatnutqi^ safidy to Ibe ososl: distuil ahCNrcis* IJpw 
great fs the disparity 1 8U(MM6. nC pioviflioBs are reifnhrod 
Mily, in «noh a ship. Shsppose her itted ont iot three months 
#e shaU Jnd her laden wMi tUQ/dOMhb of p^oviMbna. A 
ect^non If eattsd a forty^werpMinfler insiglia abont a,i9Qlb, W 
made «f braati and tahent A^Ottib. if madeef iron ; there are 
twenty-eight or thirty of theseaniioaMla ship of 100 giUisi 
their weight, bxelosive^iP ihek cartiages^ amoiiBts to laa^DOOlb. 

•■••■■ Q-4 • ■ 
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Otk thiB flCcMid d6dc, ^hkiy tmenif'Smtt pbonHers ; eacli 
-weighing; about 5,1001b., and therefore altogether, 168,0001b.; 
and the weight of twenty- eight tweWe-poiinder's on tht^ lower 
deck, amounts to about 75,40d]b. ; fourtteen sb^-ponnders on 
the upper deck, to 26,0001b. ; and on the round -tops, there 
are three-pounders and swivels of smaller size. The com- 
plete charge of a forty-two-pounder weighs ibout (Hlh.» and 
upwar<lhi of 100 charges are required for each g^iR* , AU this 
amounts nearly to the same weight as the gnns themselves. 
Every ship must be provided against exigeneies, with two 
sets of sails, cables, cordage, and tacklings ; Ihe stores, like- 
wise, consisting of planks, pitch, and tow : the small arms; 
bayonets, swords, and pistols, make no' inobtisiderable load ; 
to which we must finally add, the weight of the crew; so that 
one of these large ships carries atieast 2000 tons burden, and 
at the same time, is steered and governed with as maoh ease 
as the smallest skiff on the Thames. 

352. The British naval force on the 1st of Janu- 
ary 1818, was as follows: — at sea 79 ships of the 
line; nine from 50 to 44 gnns; 122 frigates; 77 
sloops and yachts ; fonr Itombsy &c. ; 161 brigs ; 
54 cutters ; 52 schooners, &c. In port and fitting, 
89 of the line ; 11 from 50 to 44 guns ; 29 frigates^ 
hospital-ships, prison-ships, &c. 28 of iJie line ; two 
from 50 44; two frigates; one yaeht. Ordniary 
and repairing for service, 77 of the liue ; 10 item 
SO to 44 guns ; 70' frigates; 37 slocips; 8 bombs, 
11 brigs; 1 cutter; 2 sbhooners. Iluilding, 29 of 
the line; four from. 50 to 44 guns; 15 frigates; 
5 sloop8> 6co. 3 brigs. ,;. 

• A flcfet of ships of waris'generaliy divided into three divi^ 
sions ; aikd cbmmaoided by AdmhaJsj yfce-adaHCals^ or Eear- 
admirafe, of the white, blue, and red Sags. 

A Squad^fon of ships is a'dirfnon or part a[ a fleet com- 
inanded by a commodore, or by a rear orTioe-adniral. 
The number that forms a sqaadron is not fixed, for a smatt 
number in a -body and under one confmander may make a 
squadron. ' If the riups aie MMperans, they , are sqmetimea 
divided into three squadrons,' and each a<|iiadron wo^y be 
again divided into three divisions. 

A Frigate is a lightpbvilt fast sailing ship, having com« 
monly two decks, whence ^lat called a light frigate is a 
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IHgaiHirftiiMif oiie.dedc« .l%e>eTettdlftiiMml.4h»i90 to 
44 gaBiy and nanke exceUont oruizers. 

- ifollu are old Ahips out d.own to the gun-deck, . and 
fitted with a la^e wheel for careening. Their gun-decks are 
from Xl3 to 150 feet long, and from thirty to forty feet broad ; 
they will carry from 40O to aoo lont. HnUcs are ako em* 
^jfiA at. Woolwicli, PovtMioi^H S.hewcie8«, to^ to reoeive 
conviqts undee sentence of tranaportation ; the yeasds are 
moored at such a distance from shore, as precludes the pos- 
sibility of the men's escape ; and the conyicts are taken daily 
on shore to work, under a stnmg guard, at pile-drivingt 
iharbovr ekauing, and other emplojmients in the several 
puhliG departments. 

A Hoy is a small Tcssel or bark, whose yards are not 
across, nor the sails square, lik& those of ships,^ but the 
sails like a mizen, so that she can sail nearer the wihd, than 
a vessel with cross sails can d«. 

•< Slaeps are appendages to men of war, about 60 tons bur^ 
then, and «itfryMig 90 men. They are light Teasels, with, 
anljc a small main-mast, fore-mast, and lug-sails to haul tip« 
and lei down,, on occasion, and are eommonly fast sailers. 

- • Smaeksaiie small vessels with one mast; they; sometimes 
are employed as tenders on a man of war : they are also used 
for fishing upon the eoasts. 

Store ships are generally brigs of from 300 to 600 tons : 
they earry ordnance, and military stores, to the out-ports, 
•or to an army when abroad. 

• . A Yaeht, a vessel for the conveyance of passMlgers^ is also> 
sometimes adorned for regal useu It iskfurnished with masts 
' and sails, has one deck, carry img from, four to twelve guns, with 
from twenty to forty men ;. burthen, from thirty to 160 tons, 
f hey are used for running and makmg- pleasure excursions. 

A Qalley is a low-bnilt Mediterranean vessel, having oars 
and sails. Gallies hav<$ usually twenty-five or thirty benches 
of oars on each, side, and four or five galley-slaves on each> 
bench. The. galley usually carries a large gun, two bastard 
fiifces,. and twa^small pieces. It is from twenty to twenty-two 
fiithoms long^ three bi'oad,.ai|d. one deep, and has two masts, 
nia. a main-mart and aforo-mast^, which may he struck or 
towered at pleasure.. 

Galley of Hiero,, King.of Syracuse*. 

938.. This galley was looked npon as one of the 
greatest wonders of the age in which Hiero lived. 
Archinoiedes,. who was overseer of the work, spent 
a whole year in finishing it, Hiero daily animating 

o6 
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tiieworkmea wMfr his ptesdiK)^. Tki* itliip bad 

twenty benches of «ars, thtee spacious e|>artm«its, 

and all the cdnveniences of a large psilace. The 

flopr3 of the niid4}e apartment weire au inlaid, and 

represented im yarioma colcmrs th« slerie&of Homei^s 

liiad. The ceilings; mndow9> and aH other parts, 

vere finished ^ith wonderful art^ and embellished 

with all kinds of pmaments^ In the uppennost 

apartm^ait there was a spacious gymnasiam^ or place 

-of exercise^ and walks, with gardens uid plaats of 

all kinds, disposed in wonderful order. Pipes, 

some of hardened clay, and others of k^, conveyed 

ewater all around to refresh them* 

But the finest apartment was that of Venwi, the floofi 
beings inlaid with agates, and other precious stones, the 
iinside Hired with cypress wood, this windows adorned 
with ivory, paintings, and small statues. In this a^rtment 
there was a library, a»d a bath with three great coppecs, 
and a bathiiig vessel made of one singfe stone of varions co- 
lours, and eontaining two hundred and illy quarts, it wm 
supplied with water from a great reservoir at the bead of the 
ship, which held an hisindred thousand quarts. The vessel 
was adorned on aJ4 sides with fine paintings, and bad eight 
towers of equal dimensions, two at the head, two at the 
4stern, and four in the middle; Round these towers were 
parapets, whenoe ston^A ndght be discharged against the 
enemy^s vessels when they flipproached. £ach tower was 
•constantly guarded by four young men completely armed, 
and two ar^ers. To the side of the vessel was fastened an 
engine made by Archimedes, which threw a stone of three 
hundred weight, and an arrow of eighteen feet,- thedistanoe 
of a stadium, or an hundred and twent.y»five feet. Thongfa 
Ihe hold of this vessel Svas exceeding deep, a single nnn 
could soon dear it of water with a machine invented for that 
purpose by Archimedes. An Athenian poet having cotiiposed 
some verses on this magnificent vessel, Hiero,-wlio under- 
stood the valae of verse, rewarded him with a tiionsand 
medimni, that is, six thousand bushels of wheat, which he 
caused to be carried, to the P3rreeeus, or port of Athens. 
Hiero afterwards made ^a present of this great vessel to 
Ptolemy, king of Egypt, and sent it to Alexandria. 
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Plunging Boats mid Torp0doe$* 

.354- In JJeqemter, .1797^ Mr. Fulton nmd© aa 
ex{>eAiment» m company with Mr* BwWw, on tbe 
Seine^ with a maohiiia whioh he had con^traoted^ 
and by which fa^ designed to impart to carcases of 
gunpowder n progressive motion under water^ to a 
gvren point, and there to explode tham. 3at he 
was disappointed in ike performance of this mar 
chine. 

A want of fiilMJb to enable him to carry 1ms deugn into ex* 
ecjulioa, inilao«fl kim to mffflj ia the Freneh directory. 
The/ at first gave hkn grveat teasoato expect tkejr ooante- 
mnee and encouragemeat ; bat after a long and irksome 
aitendaaee at the public offii^es, to has greal: smprise and 
disappointnent, he received a note from the mimster of 
war, infonaing him that die dkeetory hi^d totaliy rejected his 
plan. 

Not yet diseoaraged, he offered his {ivojeGt to the Datoii 
ffcvemmedt, throng Mr. Sdiemetpenineky who was then at 
PMs as ambaesador from Hollaad. A conunissioner was ia 
coBseqaence appoiated by the %xeoative dunectory of the 
Bafavkui repnlAic, to exanttne his models ; but he met with 
another disappeiatment. The commiwioners spoke so iuke* 
warmly of his propoi^tioas, that the Dutch goYemment woold 
■ot give liim saffioieat encoorage»ent« 

Bnt tlie French goyemment changed. Bonaparte placed 
himself at the head of it, with the title of First Consul. 

Mr. Fatten soon presented an address to him, soliciting 
him to patronise die piajeot for sabmarine nsffigatiao, and 
praying lam to appoint a eonuaission, with saflScteat funds 
and powers to gWe ^ necessary assistanee. This request 
was immediately granted, and Messienres Ynimtfy La Pla^e, 
and Monge were named the commissioaeEs. 

In the spring of the year 1901, Mr. Faltoa repaired to 
Brest, to make experiments with the phm^png boat he had 
coastraeted the preceding winter. TUs, as he says, had 
many imperfections, natural to a fini inachioe of scuofa cOm< 
plicated comfoiaations. Added to tfats, it had saffercd much 
injary from rust, in consequence of his haying been obliged 
to use iron instead of brats or copper, for bolts and arbours. 

On the third of July, 1801, he embarl^cd with tibree eom^ 
panions on board his plunging boat ia the harbour of Brest^ 
and descended in it to the depth of five, ten, fifteen, and 
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twenty-five feet ; bat he did not attempt to go, toWer, he^ 
cause he fouikd that his impeHeet machiire w<nild* not bear the , 
pressure of a greater depth. . He remained below the surface 
one hour. During this time they were in utter* darkneiis. 
Afterwards he descended with candles*; but, findll^a gteat 
disadvantage from their consumptioA of vitid air, h^ cfiafled, 
IMreviottsly to his next experiment, a mall window of thick 
glass to be voA^e near the bow of his boat, and he again de- 
scended with her on the 24th of July, 1601.' He found that 
he received from his window, or rather aperture .covered wHb 
glass, (for it was no more than aA inch and'aJudf Indiame* 
ter,) suifficient light to enable him to count the minutes on hla 
watch. Having satisfied himself that he could have saflicient 
light when under water ; that h6 oOuld do Without a supj^ly 
of fresh air for a considerable ^me ; that he could, desceiid to 
any depth, and rise to the aur&ce with facility; big next ob* 
ject was to tty her movements, as well on tiie aar&ce as be* 
neath it On the 26th of July, he weighed his anchor and 
hoisted his sails: his boat had one mast, a maintaili, and jib. 
There was only a light breese, and tberefore she did not 
move on the surface at more than the rate of two milca a& 
hour ; but it waa foupd that she would lack and steer,^ and 
sail on a wind or before it, as well as any common sailing 
boat. He then struck her masts and sails, to do which, and 
perfectly id prepare the boat for plunging, reouired about 
two minutes. Having plunged to a certain def^,, he placed 
two men at the engine, '. which w'aa intended to give Uer pro* 
gressive motion, and one at the helm^ while he, with a ba- 
rometer before him, governed the maclane, which kept her 
balanced between the upper and lower waters. He foood 
that, with the exertion of one hand only, he could keep her 
at any depth be pleased. J he prepeUiug engine wa* tlien put 
in motion, and he found up<Ni coimng to the sur&ce, that be 
had, in about seven minutes, made a progress of four liondred 
meters, or about five hundred yards. He then again plunged, 
turned her round while under water, and returned to near 
the place he began to move from. He repeated his experi- 
uieats several days successively, until he became familiar 
vrith the operation of the madiinery, and the movements of 
the boat. He found that she was as obedient to her heln& 
under watcr^ as any boat could be on the stfrfaoe ; and that 
the magnetic needle traversed as well in the one situation aa 
the other. 

On the 7th of August, Mr. Fulton again descended with a 
store of atmospheric air compressed into a copper globe, of a 
cubic foot capacity. Thus piieparedi he descended with thre« 
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compmidiiB to the depth of aboot five feet. At te expiratioii 
of an hoor aad forty minateiy he began to ti^e small sup- 
plies of pvre atr fVom his reservoir, and did so as he fbund 
occasion, for four hours and twenty minates. At the eicph> 
ation of this thne he eame- to the sarfaee, without having 
experienced any inconvenience from having been so long 
nnder water. 

Mr. Fulton was highly satisied with the suocess of these 
experiments ; it determined him to attempt to try the effects 
of these inventions on the English ships, which were then 
blockading the coast of France, and were daily near the 
haribour of Brest 

His boat at this time he called the submarine 
boat, or the plangiog boat; he afterwards gave it 
the name of the Naatilus : connected with this ma- 
chine, were what he then called submarine bombs, 
to which he has since given the name of Torpedoes. 
This invention preceded the Nautilus. It was, in* 
deed, his desire of discovering the means of apply- 
ing his torpedoes, that turned his thoughts to a sab- 
marine boat. Satisfied with the performance of his 
boat, his next object was to make some experiments 
with the torpedoes. A small shallop was anchored 
in the roads, with a bomb containing about twenty 
pounds of powder ; he approached to within about 
two hundred yards of the anchored vessel, struck 
her with the torpedo and blew her into atoms. A 
column of water and fragments was blown from 
eighty to one hundred feet in the air. This expe- 
riment was made in the presence of the prefect of 
the department. Admiral Villuret, and a multitude 
of spectators. 

St. Anhin, a member of tlie tribnnate, gives in the Journal 
of Commerce of the 30th of January, lS(d, an account of a 
submarine boat, which he says Mr^ Fulton was then con- 
structing. In this, however, there is a mistalee. Mr. Fulton 
bad projected anotlier boat of this description, upon a larger 
and an improved plan ; but he had not the means of execut- 
ing it, and all his experiments were made witli the smalt 
boat he first constructed, and which, as we have before rfw 
inarkedy he found at the end of the winter much impaired hy 
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tM niitli^ of Mine |nrt» ef tlw sMbddoeiy. St AhUaVi ac- 
coWQt is as ffliHowff : '* The Mvmg boat, in the eonalinicti^Mi of 
fHiiefa he is now employed, wiil be capaciops enoush to con- 
tain eight men, and proTision* enough for twenty days* and 
w^ be of aafficient strength and power to ^^aM» Mm to 
plunge one hundred feet nnder wai»» if neoeissaiy* H« has 
contrived a reservoir of air^ which will enable eight men to 
remain nnder water eight hoars. When the boat is above 
water, it has two sails, and looks jast like a common boat ; 
when she is to dive, the nnst and saMs are sAmcli;. 

In making bis experiments, Mr. Fulton not only 
remained a whole boar under water witb three of 
bis companions, but bad the boat parallel to the 
horizon at any given distance. He proved that the 
compass points as correctly uiider water as on the 
surface, and that, while under water, the boat made 
way at the rate of half a league an hour, by means 
contrived for that purpose. 

Thit>iigfa the summer of 1801, aad till the project was re- 
linqaisbed on acconnt of the season, Mr. Fulton appears to 
have been watching the English ships which were on the 
coast ; bat though some of them daily appvbached off the 
harbour, >et none came so near, or anchored tn sudli a situa- 
tion, as to be exposed to the effects of his attempts., In one 
instance, he came very near a British seventy-four; but she 
just in time made sueh a change of position as to save 
herself. 

The English were not without some information as to these 
extraordinaty attempts which Hieir enemies were making; 
and# however the French may have thought of Mr. Fulton's 
projects, they certainly occasioned some uneasiness in £ng- 
fand. Lord Stanhope spoke of them with great anxiety in 
the house of Lords. In 1803, he tbrmed an assooiatioii of 
gentlemen, for the purpose of procuring information as to the 
progress of Mr. Fulton's designs, and what might be their 
consequences. This association made a report to the then 
British minister, Lord Sidmouth, and this led to a oommnrn- 
cation from him to Mr. Fulton ; the object of which was to 
deprive France of the benefit of hfs inventions and serviees, 
and give England the advantage of ihem^ by inducii^ bin 
to withdrairfrdm France. 

In a paper which Mr. Fulton read to certain gentlemen^ 
who were appointed by the British ministry in the montfa of 
August, 1866, to conto withhiVy he lays, << at all •veals^ 



wbm^Ter nnvyM your «w;«i;4« I ii«T6r will .consent to let th#ae 
inveptions lie dorrimnt should my country at any time have 
ileed of them. Were you to grant me an annuity of twenty 
thousand pound«tf' a year, t would saerifice ait to the safety and 
iiid«|)endeB<s& of ray country.'' ■ 

Some time after his return to Pariiiy the afept whom h^ 
was to have met at Amsterdam, made his appearance in the 
French metropolis^ bearing a letter from Lord Hawkeslrary 
to Mr, Fulton, which induced him to proeoed to London, 
wrber-e he arrived in May, UMH. Lord Sidmonth was then 
oat of .office, and Mr* Pitt had resumed the administration. 
Tbe new ministry seemed to approve of what had be^i done 
fcy their predecesson^ in relation to. Mr. Fulton» He soon 
lyid an interview with Mr. Pitt and Lord Melville. When 
Mr. Pitt first saw a drawing: of a torpedo, with a sketeh of 
the mode of applying it, and understood what would-be tht 
effects of its explosion, he said^ that if introduced into iHrae* 
tice, it could not fail to annihilate all mUitary sokArines* 

It would bave been extraordinary if Mr. Pitt, entertaining 
this opioion, should, as the minister of a nation which had 
then the only navy in the world, iMve felt cordially disposed 
to encourage an invention, that might .deprive her of the 
mighty superiority tbe derived from her fleets. Thiswaa 
eertainly the view that sMue of her statesmen had of the 
subject When Mr. Fulton had an interview with the £arl 
St. Vincent, exhibited to him a torpedo, and described tbe 
effects it had produeed, the noble earl, in the strong Ian* 
goage of his professsion, ratber than in a style comporting 
with his new dignity, exclaimed against Mr Pitt for encou* 
mging a mode of warfare, which he said, with great reason, 
they who commanded the seas did not want, iod which, if 
aaceessfol, would wrest the trident from those who th^ 
claimed to bear it as the sceptre of supremacy on. the ocean* 

In June, the British ministry appointed a com- 
miHsion to examine Mr, Fulton's projects. The 
«oinmf88k>ners were Sir Joseph Banks, Mr. Cavea* 
dishy Sir HomePopham, Msgor Congreve, and Mr. 
SiAm Rennie. Many weeks passed before Mr. Ful- 
ton, could prevail on thenn to do any thing, and 
finally, ^en they met^ they reported against the 
submarine boat as being impracticable. In a letter 
to the ministry, Mr. Fulton complains that tbis re*- 
pert'Was made without his having been called up6n 
for any explanations, and although tbe gentlemen 
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who made it bad before them no account of wbat 
had been done. Indeed, in the first interviesir which 
Mr: Falton had with Mr, Pitt and Lord Melville, 
the latter condemned the Naattlus without a mo* 
mint's consideration, 

Aboat Ibis tiine, an expeditSon was fitted oat against the 
French flotilla in the roads of Boulogne. In the night,' tor- 
pedoes were thrown, by boats from a British squadron, 
across the bows of two of the French gun-brigs. The 
Frenchmen, when they diiMSOvered the torpedo-boats, ex- 
claimed, with horror, that the infernal machines were coming! 
They had in their minds, no doubt the effects of some ^agne 
reports as to Mr. Fulton's engines ; and were terrified by 
knowing what had been the tremendous consequences of the 
explosion, in the streets of Paris a short time previously, of 
a machine intended against the life of Bonaparte. 

The toipedoes exploded alongside of the French vessels, 
without- doing them any injury. Mr. Fulton imputed this 
fuilure to a mistake, arising from want of experience, in 
what wss apparently a slight matter. The torpedo bad been 
so placed, as that it Imng perpendicularly by the side of the 
vessel, whereas it should have been so arranged, as that the 
current would have swept it under her bottom. This he was 
convinced, might be accomplished by the simple contrivance 
of attaching to the torpedo a bridle, in snch a manner as that 
it sliould lie in the water, at an angle with the line of direc- 
tion of the current. This, when tl^ torpedo was stopped by 
a line connected with it, meeting the hawser or bow of the 
vessel, would give it- a slieer which would carry it towards 
the keel of the vessel to be destroyed. Mr. Fulton's sabae- 
quent experiments, proved that his theory on this subject 
was perfectly correct. 

On the fifteenth of October, 1805, he blew np a strong 
built Danish brig, of the burden of 200 tons, whichhad been. 
provided for the cKperinient, and which was anchored in 
Walmer roads, near Deal, within a mil^ of Walmer Castle, 
the then residence of Mr. Pitt. He has given an interesting 
account of Ibis experiment in a pamphlet which he pobUidicd 
in this country, under the title of Torpedo War. In a letter 
to Lord Castlercagh, of the 16th of October, 180§, he says 
*'^ yesterday, about four o'clock, I made the intended expe- 
riment on the brig, with a carcass of 170 pounds of powder ; 
and I hare the pleasure to inform you, that it succeeded be- 
yond my most sanguine expectstions. Exactly in fifteen 
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ninateflrfrom the time of drawiDg the pe^, and ^rowin^ the 
oaroaM into Hie water, the ewg/kmsm took |4aoe. It lifMI 
the brig almost bodily, and broke her eompletely ui two^ 
The ends soak iomedjately^ and in one nioute nothing was 
to be seen of her bat floating fragments ; her main>mast and 
pnmps were thrown into the sea ; her fore*niast was brok^s 
ia three pieces ; her beams and knees were thrown from her 
decks and sides, and her deck planks were rent to fibres* 
In fact her annUiilation was complete, and the effect was 
itiost extraordinary. The power, as I had calculated, passetl 
in a right line throagh her body, that being tbe line of least 
resistance, and canned all before it. At tiie time of her go* 
ing up, she did not appear to make more resistance than a 
bag of feathers, and went to pieces like a shattered egg- 
shell." 

Notwithstanding the complete saccess of this experiment, 
the British minis^ seem to have been but little disp<Mied to 
have any thing furtiber to do with Mr. Fulton or his projects. 
Indeed the evidence it afforded of their e£Scaey, may have 
been a reason for this. However Mr. Fitt and Lord Melville 
may have thought on the subject, there had been a change in 
the administration, and the new ministers may have agreed 
with the Earl St. Yineent, that it was great folly in them to 
encourage a project, which, if it succeeded, would destroy 
the maritime power of Great Britain. Lord Grenville and 
his cabinet were not only indisposed to encourage Mr. Ful- 
ton ; but they were unwilling to fulfil the engagements which 
their predecessors bad made ; and Mr. Fulton, after some 
further experiments, of which we have no account, wearied 
with incessant applications, disappointments, and neglect, 
at length embarked for his native country. 

So far from being discounted by tlie ^Eolure of his torpe- 
does to produce the desired effect in the attempts which had 
been made in Europe, to apply them as insjtrui|>enta of bos- 
t^ity, he felt not the least diminution of his confidence, be- 
cause he saw, as he said, that these failures were to be attri- 
buted to trivial errors, which actual experience only could 
discover, and which were easily to be eorreded. He hnd 
•Aot been landed in America a modth, before he went to the 
seat of government, to propose to the ^ministration to 
enable him to prosecute a set of experiments with his tor« 
pedoes. He found Mr. Madison, then Secretary of State, 
and the Secretary of the Navy, Mr. Smith, mudi disposed to 
encourage his attempts, the success of which Mr. Fulton, by 
hi9 ingenioos models and drawings, with his Indd and en- 
gaging mode of lecturing upon them, made to appear so 
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fi^hMo^ yhe goroiyient •atli»tiaBed a.o»rtwa <\Ty w utitlu g 
i»<be aiKle, imiUMr the dureciiQii of Mr* ¥«lt«i» for tiw 
inw|»aie. 

' On the antit of Jidiy, 1S07, in porttHMMse of tke expert- 
tmukU whkift tiie ^orveniMent had autfafvisod bun to make, 
Mr. FnltoD bieur up, -wHk a larpedA, in the hftrbcMir of New 
York, a lar^e halk4»tg,'Wh|di had beeft presided lor the 
pnifMiee. 

The members of Congress were so &toarab)y impressed 
witii respeot^o Mr. Fulton'&inyentieiis, by tke leotnrea which 
he had g^ven upon Ihem in their i^esence, that, in Sfarch, 
14$10, they passed an «ct, making an appropriatten for tiyiiig 
practicaily the nse of torpedoes, and anbnarine explosions. 
For this purpose, ^^ne thmiMnd dollars were d^noHedy to be 
expended at the discretion of the president, under the imnte- 
diate direction of the secr^ary of the navy. 

ChanoeHor Livinitston, aftor a long examinatkm of each 
particular subject wiiicli the experiments had pveseBted, 
expresses hinseif as ibllovs: *^ Ujion the whole, I view this 
applieatian ef powder as one of the moot impoftant miUtarir 
discoveries whi<^ scMue eentnries have prodneed. It appeari 
to me to be capable of effecting the absolute security e^T oor 
ports, against naval aggression ; provided, tha^t, in ooBJano- 
tion with it, the usual means necessary to occupy the atten- 
tion of tiie enemy, are not neglected." 
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SECTION VL 

WAVAL DISTINCTIONS IN RANK. 

855. The Lord High Admiral of England is an 
officer of great trust, the king is nominally Lord 
High Admiral, while the duties of the office are 
«xiecttted by commission, called the Board of Ad* 
miiralty, consisting of five commissicfidrs, denomi- 
nated Lords of the Admiralty, one of irhom, as 
resident, is called first Lord, 

The Board of Admiralty takes cognizanoe of every thing 
triuisacted at sea, the management of ail maritime affairs, 
the direction of the Navy, and both eivil and criminal eSenoaa 
committed on the high seas. Under this conrt is aiao a 
court-merchant, or court of equity, where all difference 



the civil law. This court is held three or four times «"yeitf 
»t the Old Bailey, atid one of ^» judges i^encrallf acto^an 
the Lord Adii^raf 8 depfVty* ; . t . 

35& Aja 4^dour;9l is a gr^at officer^ yfho has iixp 
gnovftmmettt of « navyi and the bearing of all mc^ 
ritiine cattses. * 

In our Bavy htesides .the Admiral lu chief, thiere are the 
Vice-admiral who comwand^ the second su^uadroa ; and the 
Reaiv-admiral, who commands the third division The Ad; 
miral carries his flag at the main; the Vice-admiral, at the 
fore ti^-mast head; and the Rear-admiral at. the mi^eu. 
Th^^AdJWJral ranks with generals in the army* 

8S7. A Captain eomnatKk a ship 0f the \medt 
liattle, or a frigate carrying twenty or more guns. 

He Is not oidy aosveiable fee any bad coiidiiet of tlie mh- 
tttstry govetnment, and equipnuntof thfi.shsp wbidi becowi* 
maiids^, but abK» for aay iiegiect of duty. 

A Iiieutenant;^ an oflScer next in rank and power to a cap- 
tain, in whose absence he commands, masters the naen at 
quarters ; Tistts the ship during the night watches ; exercis^ 
tne men in the use of small arms. First-rates have six lieu- 
tenants ; a sixth-rate has only one. 

Midshipmen, generally youths appointed by the captain 
of the ship, second the orders of me superior officers, ^nd 
assist in all duties on board or ashore. In a first-rate there 
are twenty-four of these, in inferior rates from eight to font. 

A Pilot conducts the ship into harbour through intricate 
channels. This is properly a coasting pilot 5 one for the high 
seas can use the quadrant, take observations, and steer a 
ship from port to port. 

The Purser receives the ^victuals, takes care they be good, 
and regularly served out to the ship's company. According 
to the Purser's books the ipen receive their pay. 

The Steward acts uii'der the purser. 

The Victualler furnishes the ship vnth provisions and 
stores. .... 

The Clerk sees that nothing be wasted and keeps a journal 
of the loading of a merchant ship, fcc. the bargains, pur- 
chases, and sideathe ship makes from its depattnre ; the oon- 
sMBiptioa of.prQvisiens, awd every thing relating, to theex« 
pense of the voyage* In ^all vessels, the master or mate 
13 also clerk. A mate is the second in su'bordination; as tho 
master's mate. • . » 



ass MUiiarg and Nmua 

The Smgeoii Mid dMi^ain reiemUe tke tame ottoen Ib 
themraiy. 

afia MariBM'httre mofUhmg to do ismroriung the skip* bat 
defend it io war, mmI attack the eneaiy when ightiDg. 'lliere 
is generally a oompany on board each ship, about forty in 
number, under a captain and two lieatenants. The present 
eftablishnient of marines amounts to more than 30,000. 
Their principal stations are at Chatham, Woolwich, and 
Portsmouth. In a sea^figbt, their small arms are of very 
great advantage, in scouring the decks of the enemy, and 
when they have been long enough at sea, they must be infi- 
nitely preferable to seamen, if the enemy attempts to bowd 
by raising a battalion with their fixed bayonets. 

3A0. CMficers of Ihe navy are, the treasurer who receives 
monies oat of the exchequer, to pay chaiges of tiie n«vy. 
The controller who attends and controls ail pitymevki of 
wages, knows all the rates of stores, examines and audits all 
accounts. The surveyor knows the state of all stores, sees 
alt wants supplied, estimates repairs, &c. . and at tiie end 
of each voy^pe, audits and states all acoounts. The cIoiIl of 
the acts, records all orders, contracts, bills, warrants* Ace. 

Navy. Bills, 07. victualling-bills, are orders for the payment 
of money, issued by the commissioners of the nayy ou the 
treasury of the navy, in payment for stores, &c furnished by 
contract for the use of his Majesty's dock yards, and the 
navy. These bills since 1796, are negotiated like bills of ex- 
change, payable at ninety days after date^ and bearing inte- 
rest at 3id. per. cent, per diem. 

The privileges conferred on sailors are much the same as 
on soldiers, with regard io relief, when maimed, wounded, or 
superannuated. Greenwich Hospital receives such seamen as 
are disabled from further service, and provides for the widows 
and children of such as are slain. 



SECTION Vn, 



TELBOaAPHS. 



S60. It ininiediately follows military and nayal 
tactics^ that we give the reader aoniie idea of tele- 
graphs, those modes of qniek and certain comins- 
nication between one place and another. 

The telegraph, though brought into general ase 



by circQinstaaces arising^ from the French Revo* 
lation, is of great antiquity, for the principle ap« 
pea^s to have been known from the earliest ages, aa 
the ancient Greeks osedl signals to convey informa* 
tion to dtetant friends. The news of the barningx>f 
Troy was conveyed to Greece by means of telegra* 
phic signals, else how could that event be known in 
that country soon after it had happeo«^ t 

Tlie Chinese, when they send couriers on the ^reat canal,, 
or to have every thinj^ prepared when any great man travels, 
maike signals by fir^, from one day's journey to another. 
Most barbarous nations nsed, formerly, to ipve the alarm of 
war, by fires lighted on hills, or rising gronnds. Various 
modes nave been adopted for commnnicatiag intelligence by 
signals for every letter in the alphabet, which are observed 
by telescopes, and repeated at the respective stations. Both 
day and night telegraphs have been proposed by diiferent 
writers, and others have insisted on the adoption of a voca- 
bulary in which every sign should represent a word, instead 
of a single letter as now practised. 

The late telegraph, set np by government in a chain of 
stations from the admiralty to the sea-coast, consists of six 
octagonal boards ; each of which is poised upon an axis In a 
frame. And fliis is done in such a manner, that the board 
can be either placed vertically, so as to appear witti its fhll 
sise to the observer at the nearest station, or it becomes in* 
visible to him, by being placed horisBontalljr, so that the nar- 
row edge alone is exposed, which edge is invisible from a 
distanee. Thene six boards make thirty^x changes by the 
most plain and simple mode of working; and will make 
BHUiy more K more were necessary. By a change in the 
position of one of these octagonal boards, any letter may be 
made, and in certain positions, a variety of things may be 
signified, according to the will of the persons at the two ex* 
treme posts, employed in making the signals. Thus one 
board being in an horizontal position, and the others shut, 
or in a perpendicular situation, may denote the letter a; two 
only being in an horixontal position may give the letter b: 
three in the same manner the letter r, and so on. As there 
may be made as many changes with these boards, as with 
tiw Mune mimber of belb, the letters of the alphabet may be 
made with eas0, and a svfiiolent nomber of sigwds may be 
formed for extraordinaiQr purposes. 

These have been supplanted by a mast or pole at each sfa^ 
tloB in which are fixed arms that move by pnllies and cords ; 
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and .affcofding tq ih» m^ thu^^wm iiiaM.ifitiiiiw;{K>le 
so is the word cony ejfcd. 

* Knight Spencer's An thropo-'feiegraLph consists of two cir- 
cular disks, of basket work, aboaf eighteen iikdhes in dhtme- 
tery paitittd wliili»; Witir li blaek hM in tin ck^tre of each. 
These are held hy the person to tnal^e the signnlsy one ia^et^h 
hs^i. By displa^ying one or berth, according to the sig^ 
inteilded at different angles ; all necessary informafion, or- 
ders, aiid commands, may be conveyed by the ^bmmanaers 
of armies to every part of thdv liUe, &c. This invention w»a 
rewarded by the Society for the £ncoarAg;eiiient of Arts and 
Majiufacturejs, with their silver medal, and is described at 
Jengh iiA their Transactions for 1809, but no general offieei 
has yet reduced it to practice. 

The Camp-Telegraph, consists, for day signals, of three 
flexible balls mounted on staves about ten or twelve feet in 
iieigbt, one of.whidi is distinguished by being double, and 
used as a centra point ; the other two are carried to diiferent 
distances, to the right cm* left of tlie centre point, according 
to th^ intended signal. This invention is both simple and 
portable, ihe whole apparatus not being more cumbrous than 
three halbei ts, or pikes. Questions have been asked by it, 
and answer^ obtained, frequently, at th/a distance of six 
miles within the space of three minutes. ^ But the most im- 
portant part of the invention is, that by 4hlch nig]it;8%Bab 
are made. It consists of lights, or kmUiornBb coastrueied 
with hollow lenses, filled witb different coloured fluidsy the 
effects of which are such, that communications both on shoie 
and afloat, may be. made, with more certainty, than any 
hitherto made by day. 

Lieutenant Spratt, of the Boyal Navy, obtained in 1809, 
from the Society of Arts, &c. their silver medal for his inwan- 
tion 4^ the homograph, , or a method of making aignaU hy 
sea or land, by means of a white pocket handkerchief held in 
diflerent positions with the body. It is described at length in 
the Tratisactions. of the Society, vol. xxvii. p. 163. 

Varioos other telegraphs have been invented by H^ioke, 
Qaisett, andPaaley, 

To this class helomgs also CouieVs Balloon di ths 

Battle of Flewrig. 

• . " * * * 

361. Cotttdy Captaiii of th0 AeroMmtic eorpB, 
Wfis the man wiio aseeiHled with iife Batri^bif^tiftiit 
Balloon, on the 26th of June, 1794, ahd wno con- 
ducted, the wQodetrfal and important service of 



OGQHMyiteiHiAg Ike .iKMstito avnri^ at the > b4ttfa» -^^f 
Flettris, accom{)atiied by gth AdjatafttamI a€reherttlV' 
He ascended twice 6a that day, to observe, froiii ani ' 
elevatioaof 440yardS| tbe posUioA and. loaQeaviri^s 
of tbeeneniy. 

OYi each ocqasion, he remained four hours in the air, and 
by means of preconcerted sig^nats with flags, carried on a cor« 
respondence with General Jdurdan, the Commander of the 
French army. His intended ascent had been made known 
to the enemy, who, at the moment the balloon began to take 
its flight, opened the fire of a battecy against the aeronauts. 
The first volley was directed too low: one ball, however, 
passed between the balloon and the car, and so near to the 
former, that Contel loiagined it had struck it. When the 
subsequent discharges were made, the balloon had already 
reached such a degree of altitude, a^ to be beyond the reach 
of cannon-shot, and the aeronauts saw the balls flying be- 
neath the car. Arrived at their intended height, the ob* 
servers, remote from danger, and undisturbed, viewed all 
the evolutions of the enemy ; and from the peaceful regions 
of the air, commanded a distinct and comprehensive pros- 
pect of two formidable armies engaged in the work of death. 

Colossus of Rhodes, was rattier a Light-house, than 
a Telegraph ; but there is' reason to suppose it 
answered both purposes, 

363. This eBormous buildingkas jastly jbeen classed 
among the wondecs of ancieot architecture- It lif as 
a vast struotare of brass or statuary metal, forested 
in honour of Apollo or the sun, tbe tvtelary god of 
the island ; and answered tbe purpose of a ligl^t- 
house to the mariners, who were sailing to or from 
the island in thi» night time. The light procee^e^ 
from an immense fire contained in a bra#s vase, hdid 
in the uplifted right hand of the Colossus^ 

Its stride was fifty feet asunder, eaeh foot being pla&ed on 
a r(M;k at thiSMiistaiioe from each oUier, and winch boaii^eil 
tbe enlrance i«to tbe baven: its height,- ae<M>i!4i^g to.Plniy, 
was not less tbiui i^ hundred and five feet, or se^venty pubits.; 
and hence ships of considerable burden were capable of sail- 
ing between its legs. It is said to have been ereetedby the 
llfaecfiaiiB with the mon^ pvodiieed by tbe sale of die e0gtae» 



of wftr mhkh DemMnBPoMorwtM^^ghofd la lif Hkarty 
beakging the city for a twelvemontli, jand which he gave to 
them upon his reconciliAtion. Pliny affirms that it was com- 
nlenced by Chares of Lindus, a disciple of Lysippos, and 
finished upon his death by Laches of tlie saM town. It was 
thrown down by an earthquake sixty years after its dHnpIO:- 
tion. As a proof of the immensity of this brazen statne, it is 
only necessary to observe, that the fingers of it were as large 
as the body of a full grown man, and tlie thumb so thick, that 
few men with outstretched arms were able to encompass it. 
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SECTION L 

GENERAL PROPERTIES OF MATTER. 

d63. EvBRY being or substance that exists is 
made up of matter^ whose properties we can inves- 
tigate, though of itself we can know nothing. Now 
it is the property of some kinds of matter to act 
upon our senses immediately, of others, only by the 
perceptible efibcts they produce upon other iM>dies. 
And we do therefore arrange under the former 
all sorts of matter as are capable of being seen, as 
wood, stone, &c. ; and under the lutter, such species 
of matter as prove their existence only by their 
eflTects upon other bodies, as the atmospheric air, 
gasses, &c. 

364* The properties of matter are solidity 9 or 
iM^M$ieirability, mvisibilityy mobility ^ and mertiom 

Solidity is that property by which two btMlies 
cannot occupy the same place at the stole time« 

If a piece of wood, or stone, occupy a <$ertaiD space, be- 
fore yoa can pat another body into thut tpaee, you mast first 
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Miidve tiie stone or wod : nnd though flings do not appear 
at fint to (^ersnchteiistaQce, yet; in proper oinMunstaiideay 
they will he found to retain ^s property kt an eqaiil><(egi«e« 

Put some wster into, ft tube (^ed atone end, and insert 
into it a ptston^or a piece of wood <or metal, thiiC'perfoelly 
^t8 ttie inside f yoa will find it unpossible, hfiSof pressnre, 
to «el: the (liston ^a the bottom wiAdat b^king^tbe tube. 

If yoii try thejsweexperimeht wittil the. tn%ie' empty; as it 
is exiled, bair in mBty filed with Mr, yoa williiiid the same 
Hnpos9tbility of pnridng the piston to dbe fftfthcatend of the 
tube. 

Hence-, both water and air, and' all other floids, are 
eqiiaUy impenetrable, in this sense 6f<^e word, with a piece, 
pf 'marble or st^el. • » . . . 

By solidity or impenetrability, in common langnage, is 
understood the property of not being easily separated into 
parts : and* therefore, we mnst be earefnl not to confound 
this meaning <^ the term with tbepfoperty we have just men« 
tioned. 

365. Divisibility ia that property by which 
matter is capable of beiagi»^arated iDto parts T^hich 
may be removed from each other. 

This diTisibility is evident in bodies of a sensible magnl* 
tnde : every one knows that they may be divided into 2, 4, 
10, or 1000 parts ; noir can we ever* by sabdiTiding, arrive at 
a part so small, but we can conceive that it consists of two 
halves. 

If a grain of gold be melted with a pound or 5760 grains 
of Sliver, and a single grain of the mass be dissolved in di^ 
luted jmtric.aouif. the gold, which is only the 6761st part of 
the whole, will fall to the bottom and be visible, but the sil- 
ver will be dissolved in the acid. 

If a bar of silver be gilt, and afterwards drawn into wire, 
aft is done in the manufacture of gold lace, by passing It sue- 
cesMvely through, holes of various ma^tudes in plates of 
steel,- the surface will be prodigiously augmented; but it will 
still be gilded, so as to preserve an uniform appearance, even 
when examined with a microscope. 

In addition to these experiments we may observe , that 
there are ammalonlse so small, that many thousands of them 
taken together, are smaller than the point of a needle. Mr. 
LfCwenhoeck informs us, that there are more animals in the 
milt of a cod-fish, than there are men on the whole earth, and 
a single grain ofsiind Is lai'ger than four millions of these 
animals. Moreover, a particle of the blood of one of these 
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amBmloale hto been foond, by calcalstioDj to be u maeff 
MBaller tbaii a i^obe of the ^tir of on ineh in diameter, an 
\hai globe m smaUer than tbe whole eartli. 

The natoral diTisiomi of matter are still more wonderfal. 
In odoriferona bodies a ftnrprising subtilty of parts is per- 
peived : several bodies scarcely lose anv sensible part of thfeir 
weight in years, and yet cootinaally nil a very large space 
with odoiMerons particles. Thus writing paper put into a 
drawer in which mnsk is kept will preserve the smell for 
years* The purest mnsk is said to be that w)iich is brought 
from Patna, in the dominions of the Great Mogul, where 
it is collected from various parts of the interior of the 
country. It is imported into Europe in bags, each of which 
is about the size of a pigeon's egg, well filled, and corered 
with short brown hair. 

. Musk was formerly much used as a perfume. It Is now 
chiefly in repute as a medicine in spasmodic, conmlsive, 
and other complaints; and when properly given is thought a 
remedy of great service. So powerful is the scent of this 
drug tbat the smallest particle of it will perfume a very con- 
siderable space; and when the bags are fresh, if one of them 
he opened in a close apartment, every person present is 
obliged to cover his mouth and nose with several folds of 
linen to prevent suffocation. 

366^ Mobility is that property of matter by 
which it is capable of being moved from one part oY 
space to another. 

367. Space is only an abstract idea ; it consists 
of parts, but has no bounds ; and when we move 
a body through it, that body moves in consequence 
of sufficient force having been applied to it. Now 
this is applied to inert bodies, as well as those which 
have the power of volition or will ; a stone may be 
thrown at will, and a dog may run after it of his own 
accord. 

368. Inbrtia, or Inactivity, is the tendency 
which bodies have to continue in the same state into 
which they are put, whether of rest or motion, un- 
less prevented by some external force* 

No one can suppose that matter can begin to move of itsrif, 
unless it be in some way acted upon ; but it does not appear 
so evident that it has a tendency to continue in motion for 
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eiier. Mbftt people are apt to tappoiietfaat allioAAtterhas a 
propen»itj to iMl firom a state of motion into a state of rest; 
because we see all the motions upon the earth gradually de- 
cay, and at last totally cease. But this is owing to the i^e« 
sistance of the air, and to friction : for if these be dinunished. 
the body will move longer : and if they could be remored al« 
together, the body woiSd continue for ever in motioii. But 
take some familiar experiment. For instance, 

A marble shot from the fore finger and thumb, would run 
but a small distance on a carpet : its motion would be coo* 
tinned much longer on a level pavem^it; and longer still on. 
fine smooth ice, such as might cover the bosom of the Arar. 
In this case, the friction is greater on the carpet, and leasi- 
on the ice. And if, as we have observed, the friction were 
entirely destroyed, as also the resistance of the air, th^ maxy 
ble once put in motion by a school-boy, would continue in 
that state for ever. 

If a ro4n be standing in a boat while it is pushed off from 
the shore, he will be in danger of falling backwards ; but be 
will gradually acquire the motion of the boat ; and on the 
contrary, if it be suddenly stopped, he will fall forwards, be- 
cause bis tendency will then be to continue in the same state: 
of motion. Innumerable instances of the same kind, in com- 
mon life, may be observed. 

369. Extension though by some considered a 
property of matter^ is, properly speaking, but an- 
other name for space; space is extended e^ery 
where, and what is extension if it be not space ? 
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SECTION II. 

MECtlANICAL AFFECTIONS OF MATTER. 

370. By Attraction is meant the tendency 
that bodies have to approach each other, whatever 
be the cause of such tendency. 

871. There are five kinds of attraction : viz. the 
attraction oi cohesion; of aravitation ; of eleciri- 
cit^ o( magnetism; snd of chemical ajlnity. 

372. Defin. The attraction of Cohesion is that. 
by which the constituent particles of bodies are kept 
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fliM ai'e't^Tlfe«^4Vom fallkig to piedds. 

"Tik#'altn|ofiMi of eobeami takes, pl^nce between bodies or 
iMm^mif ^dnem tfko|r mre ftt^^ery. smaU di9tftno€B from each 
other* 

iff tiiwiMdeBifanUetftlie«cm|M4 irer^ iAem, and squeezed 
together, theywitt ailhorfiM firmly as ^jroiittiretil^ 'OODsidebr* 
irtrie fikwerto'sefiaratertbeni. 

Hb tiiio^|;Mnikes/ JoLaquicksilver.be placed near each other 
they %iU tarn tog^thur — d beiyipe j>ae large drdp. 
• By thb attraotion 4]f cohesion are foemed stones, metals, 
iKKudSj sa]tSy:i{aBd Cffergr- tbhig Jthat may.be denominated a 
body. Fetrifaetiona,. poraolain, pottery, biicfcs, glass, ce- 
BMMits, artificial stoaes, and plastic- earthy compositions, 
wfaiobplpeservelheicfigiirain drying, ane ali etiildren of this 
great agent ; and as this power is mnch greatet in some 
bodies ilhiii hi iOjtlieni, <thei« arises ah/infimte TaHety in the 
stibtlgth^ weight,^ and tuxtnre of mot^dfu It is' upon this 
prfaeiple alsoy^that caipeaters and cabinet makers ose glues ; 
that bnuriers, tiamen, and.plamberssoldear their metals, and 
thht amlibi nait^differest bacs of iroii, by the sag^eacy of beat. 
'<¥faeinMNiltof>SB»dry experiments, made by professor Muss, 
chenbroek, to show the cohesive power 6f different solids, 
may be seen in the following tabic. In estimating the abso- 
late cohesion of isolid bodies, he applied weights to separate 
them, according to their' let^g^h,; the pieces of wood which 
heitit^ woKepacallelepipedoQs, efich side of ijrhich was -^tha 
of aq in^ ^i^d4he mettjt ^jres made use of were j^ths of :« 
Rhinland inch in diameter, and they were drawn asunder, by 
the following weights : 

lb. lb. 



Fir..,. 600 

Elm 950 

Alder 1000 

Oak 1150 

Beech 1256 

Afth... 1250 

Lead 



Copper 299^ 

Brass ••••.•• 360 

Gold........^.,^..« 500 

Iron 450 

Silver. •.•.... 370 

Tin 49i 

> 29i. 



373. Defin, Capillary attractioo is reckoned a 
species, of. eobesion, and the duspensioii of the fluid 
ift tke eapillary tabes of plants is owing to the at- 
traction of theriiig of tbie tube i^ontiguoas to the 
upp&r antSatoe of the flaid. 

-Sonle Arsons think that bodies derive certain chiiracter* 



Mechanical JrffMttms of Matter. 

isf Ic properties from the various degrees of cobesion wiiieh 
their parts exert ; hencefth^Mtiliiy 'ef some kinds of matter 
and the fluidity of others. 

AstiiepaYtB Df.'.a?liody<7aflr 1««|ii t«9Blh«r»by/altraitfi^ 
this powef is overcome when a body is broken. Hens^ tibft 
reasoniof sofderirf^Ve^ls, gtiitin^ 'W06&, fk6:. 'Hence|al8o^ 
when tfcepariitteslir D»6tejDolsd;%f whicbfKteiya«o^iti^ose4y 
so adhere t2i0 cpe to the oiher^'iMat th»y>iB49Miot ^p ^v^MfMI 
without eSort^ we say of siicb a body 'that it i& solids — sa«|i 
are metaU, stone^wopd, &c. . Hence/aiso, such sabstaiici^ 
as are composed of particles adhenng very sligfatiy; and whicfir, 
yielding to an^ small effort, are easUy moVed amtOkig e^U^ 
oikptf meMrpiliim&di suck M g {^ at ii ,\4)fecr^fiMBv fco>.<.;'l>iese 
pr<^ejrties,imi(y- result fr6m IhiS d^ereiili%iiis^iaif thf; p«sli* 
cleSy and"tl]^jn*eater or theless degilse of Atlraction, QOmM^ 
seduent tfiereupdn. " 

Elasticity, may arise itim ^: particles -of ?% bodf r .liViN^i^ 
disturbed, not being draws out of esujfa otiief'saitraistlMi^'^ 
soon, therefore, as the force* wbiclia^ts^iipaii at eemOkfi^M 
restore themselves to their former positioB. < h 

874. The attraction ot gravitation is oq)9, oftfiiib 
most uuiversal prineipleif m Batacea .Jt ia tisMt.fgfO^ 
by which distant bodies ten^ t»wiirdl»icadi othar. 
By gravity, a stone dropped from a height falls tp 
this e^irtli ; by it the heavenly bodies are ke^ in their 
orbits ;iao.4 herek^y all terrestrial I^adie8^i0nd4ow£u:dj5 
the centre of the earthv By it, the-, plao^ tead 
towards the sun, and t<iWll)rds each otberi as'v^llrafi 
the sun d<ies:to themi 

From^tWattfaotlonaridbodlrtbetnttliaB, aadjpo»Byeft% 
alLth^.^ai^es that takd |^&« in tMosg^^ndeiii portions^ of 
the universe. By this, heavy bodies descend, and iignt'ones 
ascend: by this projectiles are directed, and rams fauf riVeriEi 

flide, the ocean swells, and the air presses apon' diffifr^M 
odies. By capillary atira^itdnVwuttrr 'Or ««4bn liqoli^dRriU 
ascend in sugar, sponge^* sold <«tt>poMiisJbedl^». Itjs;{|^ 
denominated, from the property which tubes (scarcely caps* 
ble' of admitting a hair) have,' of cainin|$^' watMT- to^ stand 
above itii level: ^ 

Oh$. Under the a^cf^m^^sal^AitflroiiMQy, mwlaMM^ 
motion, aaid the doctrib^iir of a^Mcfttofr and graviUtiOB btife 
been amply explained. It iKin^f^monly b^neceesairy, iMo^ 
fore, to illustrate Wh^bhilbiM^phefs imderstaHd &y the;; e^*"^ 
of gravity, as applicable to the purpose of common hfe, 
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SECTION III. 

THB CBNTftB OF ORAVITT OP BOMBS AND OP ANIMAUF. 

375. If yon balance any body on your finger, as 
a Gunter^s scale, for example, it will rest in a 
horizontal positbDn when tne figure 12 19 over 
your finger. That point, therefore, on which the 
scale is exactly balanced, is called the centre of 
gravity. 

876. Again, if yon place a body upright as a pil- 
lar^ it will remain perpendicular, provided the 
of direction falls exactly in the centre of its base. 

ThuSytheindiniogbodyABCD, whose 
centre of parity is E, stands firmly 
on it base CDIK, because the line of 
direction £F falls within the base. Bnt 
suppose A BCD were the first stone of 
a column, and that we had not placed 
it perfectly on the base, and were then 
to lay another block of stone upoo it, 
as ABGH, the centre of gravity would 
be raised to L, and then as the line of 
'direction LD falls without the base at D, the centre of g^ra- 
vity is not supported, and the whole weight must&ll just 
as €he Gunte^s scale would slide off your finger if you at- 
tempted to balance it at the figures 13 or 11. 

877. Upon the principle here laid down, the 
safety coaches now in use have been built* The 
base of these coaches is made as broad as possible, 
the line of direction is brought as near their middle 
as possible. 

378. In this too consists the great difficulty of 
posture-masters and rope-dancers. 

The dancer on the rope balances himself by a long pole 
loaded with lead, and keeps his eye steadily upon some one 
point exactly pAiallel to the rope, by which he can see 
whether his centre of gravity is either on one side or the 
otiber of his slippery foundation, and if any irregolaritj^ 
takes place he rectifies it by his balancing poie« 




Sanging To»er» of Pita and Mologna. 99t 

379. If a plane be mclined on whicb b heavy 
body is placed, the body will slide down Ihe plane, 
while the line of direction falls .^^ ^^ 
within the baie ; bat it will roll < 



"^^^ 



down when this line is beyond 
the base. 

ThM the body E will oily slido down "i ~^ 

the plane CD, but tbe body B n>U« down tbe plane CD ; 
cause the line ofdircctionBRis beyond the base. 

Hanging Tamers of Pisa ajid Bologna. 

380, In old baildings where the whole fabric is 
closely bonnd together, it may occur that a part 
may overhang tbe base, and yet that part not tall ; 
but if tbe centre of gravity of the whole building 
were brought without the base, rain would instantiy 
ensue. 

Tbe famous campudll or han^g fow« 
of Pisa, ia ereeted hi a square, oloae to th( 
great chntch of tiie same name. It ii com- 

Ksed wholly of white marble, and wai 
Ht for the purpose of containinK the 
bdli. Its height is aboot two hundred 
Teet, and its inclination nearly fifteen feel 
frnm the perpendicular, but tfae.planunel 
C tmis within the base, and therefore it 
stands. The casie at this very extraor- 
djnary inclination is supposed to be a 
want of care in - lading the foundation. 
Tbe two towers of Bola^s, in Italy, 
dose beside one another, hang Beveral feet 
beyond the perpendicular, and seem to be- 
holders as if ready to Ml ; but as the 
whole building firmly adheres together, and 
as tbe centre oF gravity is still above the 
base, thsj are perfectly secnie. They must 
have been long in this state, as they are 
■nentioued in the poems of Dante who died in 1696. 

381. In animals the centre of gravity is preserved 
when the line of direction falls withia the base of 
dieir feet. 
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In asoendiog a stair or. a iteep. hill we b^d our- hiidy 
forwards; io descendiiiir we lean backwards, as^ it were, to 
preserve onr centre of gravity. In carrying a bdrden we lean 
forwards. All that is appticabte to man/ls ^applicable to 
qaadrupeds, birds, and iskest. The inbte*«a tbcr. JQmIm «iffi 
drop on his hannches and slide down a rock ; birds to 
preserve their centre of gravity flying are obliged to stretch 
oat their necks and inake great use of their tails ; fishes of 
their fins, &c. In short, the eoonoiiiy of natare is as marvel- 
lOHS in this matter as in the exact system of the world. 
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MBCHANIGS% 
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SSSl^ The mechanical powers are simple engmu^ 

with which to raise weights, to move heavy bodies, 

and to overcome resikaocesy tbctt »re above.onriDi^ 

taral strengh. , * n 

The importance of these mechanical pov^rs to society is 
incidcalable, and a knowledge of them indispensable. * 

Every machhie k composed of one or more a£ 
these powers; and semelimds^tf.sei^ecal of them 
combined. • - > . / 

Three things are to be considered in treatidjg of 
mechanical engines,, .1. Hie weiglit to be raised. 
2. The power by which it is to be raised. * im The 
instrument or enginje by whidi ttris is to be effldcted; 

The mechanical powers are six r 1st, tlie 'lever; 
2d, the puUey ; 9d, the wheel and axis s 4tb^ the 
inclined plane ; 5thy the wedge ; Mid 6th« the screw ; 
which may» perhaps, be rraaced to two; for tiie 
pulley and wheel are only assemblages of lerers^ and 
^he wedge and screw are inclined planes. 



« 

V 

O-fthe Leiier. 

383. The lev^r, the sfaapiett rpf jinU ^s^Qhines^ 
ii| <^jy a straight bar of Jvon^ or woodt .iWMfo^llid 
fm, and moreable rounds anpiid|v*catted«:dieiMHorq^. 

In thje lever, there are*tlkree 'eircamsfance^ to ivllich We 
ttttstprfaeipilly attend. 

1. The folcram or prop by which the lever is siipporti^, 
. or on which it turns as an axis,, or centre of motion. ^ 
*2.^he^power to raise and support the weight: artd, 
d. The resistance or weight to be raised or sustained. 
, / Thie 'point of suspension is that point where the weight 
really is^ or froni which it hangs freely. 

The power and the weight are supposed to act at right 
angles to the lever, except otherwise expressed* 

There are three sorts of levers, according to the dffileneiit 
situations of the fulcrum, or prop, and the power, with re4 
spect to each other. 

]. When the prop is plabed between the power and the 
weight. 

A lever of Mt>XiW is principally Used for loosening stpties; 
or to raise weights to small heights, to get ropes' ^der 
..them, or other means of raising them to still greater heights : 
it is the most common species of lever. . 

Example, If a stone (W),weigh- 
ing 500 pounds, is to be raised 
jone foot by a man acting at (P), 
who can only lift 100 pounds, he 
cannot raise it, unless he contrive 
to make his arm move five feet *w«,ij»j^sa^* 

while the stoiie nloves only one foot; ^ecau^ 100 x 5 s=:500 
X I ; therefore to effect this the arm of the leVer (P F)inu8t 
be five times as long as the arm between F and the wiefgbt, in 
order that the power and weight nray balane^each othSr. 

This increase of motion in the arm is effected .by the lev^r ; 
because the motion of one end is in the same proportion to 
the motion of tlie other, as the distance of the two ends are 
from the fulcrum. 

If a lever, six yards in length, caR it^ if yoa please, an 
eighteen feet plank, be laid on aldtemm^PX ^t one yaci ftim. 
.one end and the aforesaid stone )ba fixed, to that end of the 
pbnk or lever, the h^nd which pn)ls^ at tlij^ lo^g, or five yards^ 
end (P) of the lever, moves over t^t times the space that the 
-lather end does, consequently, though pnlling but 100 poandSi 
it will balance 660poiiiidtal;tbe«hoi)^efidQf the Jever, , 

r5 




^ffO Meelumk$. 

2. When the prop is at one end of tke lever, the 
power at the other, and the weight between tfiem. 

The advantage gained by ^. 
the lever, as in the first, i« ^S w f 

as great as the distance of ^ tt i "I ' A ' 

the power (p) from the '^ ^ . * n 
prop (P), exceeds the distance of the weight (W) 

from it. 

This lever shevs the reascm why two men carrying a bar- 
then between them, as a ca&k npon a pole, may bear uneqnal 
shares of the weight according to their strength ; for tlie 
nearer either of tiiem is to the burthen, the greater share he 
will bear of it : their shares of its weight will, in fact, be 
to either of them in the inverse proportion of his distance 

If the pole be eigbt feet long, and a cask be slang directly 
at its half length, at one end of tlie pole each of the men 
will bear fidft*. weight, supposing the cask to weigh one 
ewt. ; but if it be placed five times nearer the one man tiiian 
the others the former will bear five times as much wei{|^t 

as the latter. 

This is likewise applicable to the case of two horses of 
unequal strength so yoked, that each horse may draw a part 
in proportion to his strength. This is done by so dividing 
the beam they pull, that the point of attraction may be as 
much nearer to the stronger horse than to the weaker, as the 
strength of the former exceeds that of the latter. 

To this kind of lever may be reduced oars,, rudders of 
Mps, cutting knives which are fixed at one end, &c. 

3. When the prop is at one end, the weight at 
the other, and the power applied between them. 

In this lever we suppose 
the power and weight to 
change places, the power . _ 

(p) is between the weight *w '^ F 

(w), and prop (P). And here, that there may be a 
balance between the power and the weight, tl>e 
intensity of the power mnst exceed the intensity 
of the weight as much as the distance of the weight 
from the prop exceeds the distance of the power. 

A' ladder, raised by the strength of a man's arms, ropirc. 




Of ikt Imdm &iPlane. Wl 

wMm ft l«ter ^ tUft kiwly tbe Mcram is ^e end fixiod. Aganit 
the Willy or upon which another man stands : the weight, is at 
the top part of the ladder, and the power is the strength of 
the man applied to raise it. 

The wheels in a clock, and in watch-woii^, are levers of 
litis idnd, boOMMo^the power that moves ihem |u$ts near the 
centre of motion, by a pinion, ana the resistance it has' to 
overcome, acts against the teeth at th^ circcimfereifce« 

' •- • , • 

Of the Inclined Plaue^ 

384. The Inclined Plane, is Inc^rely a plane sur* 
face inclined to the horizon; bnt a mechanical 
power of great use in moving weights from one 
^evel to another; as for example, for rolling np 
casks, wheel-barrows, &c. It is formed by placing 
boards or earth in a sloping direction. 

The force wherewith a body (C) de-jj 
scends upon an inclined plane, is to ' 
the force of its absolate gravity by , 
which it would descend perpendicu* 
larly in free space, as the height (B D) of the plane is to its 
length (D A). 

Thus, when a plane is inclined to the horison one-third of 
its> whole length, any body will be kept from rolling down 
.that plane, by a power equal to a third part of the weight 
of the body : if D A be six feet and B D two feet ; then if C 
be six pounds, a power of two pounds will support it : if the 
height of the plane be equal to half its length a power equal 
to half the weight of the body will support it: but a plane, 
perpendicularly situated, ought not to come under the deno- 
mination of this article, because the plane in such a direction 
contributes nothing to the support or hindrance of the fall- 
ing body, which descends with its whole force of gravity, 
unless prevented by a power equal to its whole weight. 

It is obvious from the foregoing illustrations, that the lesis 
the angle of elevation, or the gentler the ascent is, the greater 
will be the weight which a given power can draw up ; for the 
steeper the ioclined plane is, the less does it support of the 
weight ; and the greater the tendency which the weight has 
to roll, consequently the more difficult for the power to sup- 
port it : hence the advantage gained by this mechanical 
power, is as great as its length (A D) exceeds its. perpeodiccb 
lar height (B D). 
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•ttd athmr m%wiI Imi^^iiliiGii are ik^d o« «ne «de oi^« 

385. The wedge is merely two ^mStf tneHneS 
planes unitecl at th^ir bases^ and ike' ui^/j^tage 
gained, by this^^mechanical powers is 
in proportion as tiie length of the 
ti|ro sides, A B, AC, of the wedge, i» 
greater tbttiitiie back bc, orasihe ^^^ 
length OB one side ab, is gtealer :'^^^ 
than half the badL B D. ^ 

Wedges ai^ used In splitting wood, stoties, ti^. Whign 
wood (k>e8 not cleave at any distance before fli6 wedge, 
there will be an eqailibrinni between the power, driving tbc 
wedge downward and the resistance of the wood acting 
against the sides of the wedge, when the power is to the re- 
sistance as half the thickness of the wedge at the back Is t» 
the length of either of its sides ; because the' ii&sistaliee 
then acts perpendicalarly to the sides of the iv^dge. Bat 
when the resistance on each side acts parallel to the bade, 
.the power that balances th^ resistance on both sides, wQl be 
as the length of the whole back of the wedge is to double its 
.perpendicular height. When the wood cleaves at any" dis- 
tance before the w'edge (as it generally does), the power of 
impelling the #edge wilt not be to the resistanee t4 tiie 
wood, as the length on the back of the wedge is teethe length 
of both its sides, bot as half the length of ^e back is to the 
length of either side of the cleft, estimated froih the ii^ or 
acting part of the wedge. 

The wedge is a very great mechanical power, insf^ttiiig 
wood and rocks, which it would be impossible to effect by 
the lever, wheel and axle, or pulley : the force of the blow or 
stroke upon the wedge, shakes the cohering parts of the most 
compact body of stone, and makes them separate more 
easily. 

Most of the instruments used in the common purposes of 
life are to be referred to the principle of the wedge. 

Of the Screw* 

386. The screw is an inclined plane nsed with a 
lever or winch to assist in turning it. It is a com* 




MMd ngne 4»f grMt forte, eMwr in p re n iiiy 

bodies together, or in raising great weights. ^ Th« 
screw may be conceived to be made by catting a 
piece of paper in the form of an inclined plane, 
and then wrapping it round a cylinder ; when the 
edge of the pap^r will form a spiral line round the 
cylinder, which will answer to the thread of the 
screw. 

The advantage gained by this 
mechanical power m inpropor- 
tion as the circumference of the 
circle made by the lever or 
winefa i L, is greater than the 
interval or distance between ibe 
spirals or threads of the. screw 
A. To estimate the force then, 
of this machine, Tet us suppose 
that I desire to screw down the 
.press G upon B, every turu I 
make once round with both 
handles, I shall drive the press only one spiral nearer to b ;^ 
so that if there are twenty-two spirals, I must make twenty- 
two turns of the bandies F L before I come to th^bottom. 
In pressing down the screw I cut wiAi a force as much su- 
perior to the resistance of the body I desire to press, as the 
circumference of the circle, wliich my hands describe in turn- 
ing the machine, exceeds the distance between the two little 
spirals of the screw. 

"^ Thus, supposing the distance of the spirals to be half an 
inch, and the length of the winch thirty-six inches, the circle 
described bv the handle uf the winch, when the power acts, 
will be two hundred and twenty-eight inches nearly, or about 
four hundred «and fifty-six half-inches ; and consequently, 
four hundred and lifty-six times as great as the distance be- 
tween the spirals : and therefore a power at the handle whose 
intensity is equal to no more than a single pound, wiH ba» 
lance four hundred and fifty-six pounds, acting against the 
screw ; and as much additional force as is equal to over* 
come the friction, will raise the four hundred and fifty-six 
pounds ; and the velocity of the power will be to the velocity 
of the weight, as four hundred and fifty-six is to one. Henoe 
it appears, that, the longer the winch is, and the nearer the 
spirals are to each other, so much the greater is the force of 
the screw. 

Almost all kinds of presses, common cork-screws, &c. act 
vpon the principle of this mechanical power. When the 



semr mU !■ a wbnl, it UaaUtd^ptrptlmtdKr^w. Scraws 
properiy applied, an lued to rappoit UTge bniliiiiiga whilst 
the foundatioiu are mending or renewed. 

0/ the Wheel and Axle. 

387. The vheel and axle 
consist of a wheel fixed to 
tin axle, or cylinder, so as 
to tarn ronnd together: 
sometimes a cylinder with 
projecting spokes. And the 
power being applied at the 

circamferenceot'thewlieel, the weight (w) to be rais- 
ed is fastened to a rope which coils round the axle or 
cylinder. But this machine is made in a variety of 
forms : the wheel may be perpendicnlar (p) and the 
axle horizontal, as in the diagram before ns ; or the 
axle may be perpendicular and the wheel horizontal. 

The circumferences of different circles bear the same pro- 
portion to each ather, as their respective diameters ; conse- 
quenllj^the advanlage gained, by this mecfaanical power, is 
in proportion as the circumrerence of the wheel is greater 
than that of the axis, or as the diameter of the wheel is 
greater than the diameter of the axis. Hence the velocity 
of the power will be to that of tlie weight, as the circamfe- 
. Fence of the wheel is to that of the axis : and that, Ibe power 
HDA Ibe weight being in equiiibrio, the power must bo to the 
weight in the inverse ratio of Ibe cin^imfcrence of the wheel 
tothat of the axis. 

Snppoic a water wheel twelve feet diameter turn ui 
axle of one foot, the power acting at the circumference 
of the large wheel, moves o\er twelve tioies the space which 
the circumference of the ade moves : hence twelve cM. maj 
be rwsed with the power of one act. 

The wheel and axis niav be considered as a kind of per- 
petaal lever, of which the fulcrum is the centre of the aw, 
and the long andshort arms the diameter of the wheel, and 
Ibe diameter of the axis. From this it is evident, that the 
longer the wheel, and the smaller the axis, the siroi^er fs 
the power of this machine : but tlie weight nuut rise slower 
in proportion. 

A eapstau is a cylinder of wood with holes in it, into which 
are put bars, or levers, to turn it round : theie are like the 
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spokes of a wheel witliont a rim. All wittdlasses^ cwmcs, 
mills, wfaidmills, and watennills, are framed on the priB* 
ciple of this machine; and the power whatever it be is 
applied to the circumference of a large wheel, whose cir- 
cumference moves in consequence, perhaps teir miKea an 
hour, while its axle, one tenth of its diameter, moves but 
one mile an hour; consequently the strength of one man 
at the circumference, will be equal to that of ten meis at 
t^e axle : and when the axle is turned by a winch fastened 
to it, it will be more powerful, in proportion to the largeness 
of the circle it describes, compared with the diameter of the 
axle. 

Of the PuUey. 

888. The pulley is a wheel 
inrnmg on an axis, with a 
drawing rope passing over it : 
the wheel (x) is usually called 
a sheeve, and is so fixed in a 
box or block (a), as to be move- 
able round a pin passing 

through its centre. 

PulUes are of two kinds ; 1 . Fixed, 
as the upper pulley on the right 
hand side of the diagram ; and 2. Moveable, as the lower 
ones, which rise and fall wilh the weight. 

The jfixed pulley is used only to change the direction 
of a power, as in raising a weight to any height, with- 
out moving from the place in which one is, as a stone 
to the top of a building : it also enables several men to ap- 
ply tiieir strength together to the weight by means of the 
rope. 

The moveable pulleu doubles the power, and a man (P) may 
raise twice as .much by his physical strength ; whence by 
increasing the number of such pntlies, the force may be in- 
creased in any ratio whatever. The advantage gained by it, 
is as two to one; conquently, a power of ]Sft#i exerted 
by the hand will balance a weight of 20/^#. 

The reason of this is evident, for in raising the weight one 
inch, one foot, or one yard, both sides of the rope must be 
shortened as much; that is to say, the hand must move 
through two inches, feet, or yards, which shews that the 
space through which the power moves, must always be in pro- 
portion to the advantage gained. In general, the advantage 
gained by puUies is found by multiplying the number of put- 




yM in tbe lower h\o€k by two. A pair of blodtt iKth a rope 
is called a tackle. 

Of compound MaohiMs, 

889- Though any one of the mechameal powers 
is capable of .overcoming the greatest possiDle re- 
sistance, in theory ; yet> in practice, if used singly, 
for producing great effects^ they are unwieldy and 
unmanageable, it is found more advantageoius to 
combine them ; by which means the power is more 
easily applied, and many other advantages obtained. 
In all machines, simple as well as compound, what 
is gained in power isloflt in time. 

Suppose a man, by a- fixed pulley, raises a beam to liie 
top of a bonse in two rainates, he will be able to raise six 
beams in twelve minates : bat by means of a tacfcle, with 
three lower pullies, he will raise the six beams at oAee, 
with the same ease that he raised one ; hot lie it^ill be twelve 
minutes about it ; the woiic is performed m the same tiBM, 
whether the mechanical power is used or not. Bot the 
convenience gained by the power is very gpreat; for if the 
six beams be joined in one, they may be raised by the tackte, 
though it would be impossible to move them by the unaasiated 
strength of one man. 

Consequently, if by any power yon are able to ' raise a 
pound with a given velocity, it will be impossible, by 
the help of any machine, without increasing the power, 
to raise two pounds with the same velocity: yet, by the 
assistance of a machine, you may raise two pounds with half 
that velocity, or even one thousand with the thousandth part 
of that Yclocity ; but still there is no greater qqanttty of 
motion produced, when a thousand pounds are moved, than 
when one pound is moved ; the thousand pounds moving pro- 
portionally slower. 

No real gain offeree is, therefore, obtained by mechanical 
contrivances;. on the contrary, from friction, and other causes 
force is always lost; but by machines we.are able to give a 
more convenient direction to the moving power, and to 
apply its action at some distance from the body to be moved. 
By machines also, we can so modify the energy of the moving 
power, as to obtain effects which it could not produce wi^ 
' out this modification . 

In machines composed of several of the mechanical powen, 
the power will be to the weight, when they are in eqniii^ 
brio, in a ratio formed by the multiplication of the several 
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proportiofus wUofofM pow0r befurti to tbt^ weight* in i&v^ry 
separate mechanical power of which th^ iii«^Miie,€ofi8tsts^ ' 

Suppose a naehiiie, for .instance, eoiiip<NK»d of the axle in 
tbe wheel, adil pullies : lei the axle and wheel besuchy ttiat 
a power eoamMttof one-sixth of the.- weight will haianee ii$ 
and leti the pvllie^Mso^'bt i^^ ^S Q^ftna of them alone, a 
power equario one-Fourth of the irei^ht would support it^ 
then, by meatas of the axle in the wheel, and tbe pullies 
combined, a power equal to one-fbortb of one-sixth, that is, 
li of the weight, iwill be in ei|«ulibrio with it. 

In contriving machines,, simpiio&i^y ought to be attended 
to ; for a complicated machine .is more^. expensive, and mora 
apt to be out of order, and die firiction is in pr^^rlion to tiia 
number of rubblhg parts. 

Whatever be the constructioif of a machine, the advanta^* 
gained by it will be in pn»ortiQtias the. velocity of the power 
is to that of the weight ; and flotbatt lids 19 obtained in the greats 
est degree that circumstanoes will admit, or are necessary^ 
then the fewer parts the better, - . 

The velocity of a wheel h$ to that of a f^nimi, or smaller 
irhtei. drives by il^ in proportion to the. diameter, circumfe- 
rence, or number of teeth in the pinipn to that.of the wheel. 

Thusy if ihe nomber of leelh in a wheel be <K), and Aose 
4if the pinion 6, then the pinion will go 12 tunes round 
white tiM v^eel goes once round, because 60 -^ 5 give 12 for 
a quotient. M enee, if yon have any number of wheels acting 
on so many pinions, you must divide the product of the tee£ 
in the wheels by the product of those in the pinions; and the 
quotient will give tbe number of turns of the last pinion in 
one turn of the first wheel. Thus, if a ^heel of 48 teeth acts 
on' a pinion of ^, on whose axis there is a wheel of 40, driving 
a pinion of 6, carrying a wheel of 36, which moves a pinion of 
6, ceirrving an index ; then the number of turns made by the 
index ^1 be found in this manner: V x f X f >siif=diQv 
tbe number of turns wluoh the index will make while the whedl 
goes once round. 

Any number of teeth on the wheels and pinions having 
the same ratio, will give the same number of revolutions 
to an axis : thus, !}x§+1f="?ffi*=240, as before. It there^ 
fore depends on the skill of the engineer, or mechanic, to 
determine what numbers will best suit his design. 

It is evident that the same motion may be performed, either 
by one wheel and pinion, or by many wheels and pinions, 
provided the number of turns of all the wheels bear the 
same proportion to all the pinions which that one wheel 
bears to its pinion. 

l^hen a wheel is moved immediately by the powers it is 
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Mlkd a ImJIw* ; if Hk&te is another wfaed ov the sanie axte, it 
is called thefottowet^ 

Thos A being moved immediately 
by the power in to be considered a 
JeadeTy and B a follower ; the wheel 
C driven by B becomes a leader^ and 
D a follower ; £ is a leader and the 
cylinder F a follower. Sometimes 
the same wheel acts both as a leader 
and a follower. Thus if tbe eiids of 
the cylinder were reversed, atid the 
teeth of the wheel £ worked in the 
teeth of C, then would G be a fol- 
lower toB and a leader to £ : that 
is, when these wheels work In suc- 
cession, the middle oirie is botb a 
leader and a follower. Therefore, 
as to multiply both t&e divisors and 
dividend by the saiiie number, does 
not alter the quotient ; in mechanical 
calculations, eve^ wheel that is both a leader and a follower, 
may be entirely omitted. 

llie power Of a machine is not at all altered by the siae of the 
wheels, provided the proportions to eaeh other are the same. 
Formerly tl(e wheels of engines being mostly of wood, were 
of a large sisse, on aceount of strength ; but now that cast- 
iron Wh^ls are so easily made, the sise of them is very much 
djminisliei], and they occupy much less roittft* 

Of Fly Wheels. 

^90. In all machines, the moving pow«r acts with 
more or less irregularity, being sometimes stronger, 
and at other times weaker. But to correct this, and 
render the motion uniform, an additional part, called 
a^y, is applied. 

This fly is generally either a heavy wheel, or a cross bar 
loaded with equal weights, made to revolve about its axis, 
and keep up the force of the power by distributing it equally 
in all parts of its revolution : for on account of its inertia, a 
small variation in force does not sensibly alter its motion ; 
whilst friction, and the resistance of the machine, prevent it 
from accelerating. If the motion of the machine slackens, it 
helps it forward : if it moves too fest, it will keep it back. 
The truth of this is easily understood from considering the 
inequality of the motion in a clock, when the pendulum Is off, 
and how very uniformly it goes when regulated by a pendninm, 
which here acts as a fly. Every regulating-wheel should be 
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filled upon that axis where the motion itf swiftesty'aiid ifaoifkl 
be heavy when the motion is dasii^d to be nlow, and light 
when it is designed to be swift. In all cases, the centre of 
motion should coincide with the centre of gravity of the 
wheel. The axis may be either perpendicular, or parallel to 
the horieon. Fiy-whoels, in general, are employed to equaUze 
the motion of a machine ; they cannot add to its power. 

Of Friction* 

891. Friction in its primitive sense signifies the 
act of rubbing two bodies together; in machinery 
it implies the resistance caused by the motion of 
the difierent parts, against each other ; and in the 
application of all the mechanical powers, one third 
is allowed to oTercome the friction of the surface, 
and other obstacles to which machines are liable. 

If a horizontal plane were perfectly smooth, a body woold 
be free to move upon it in any direction, by the least force 
applied to it. But however smooth bodies appear to the eye, 
if you examine their surfeces with a microscope, you will 
discover namberless inequalities ; in oonaequence of which, 
the prominent parts of one body fall into the hollows ^ 
another, so as to be locked together; and therefore, in 
moving them over each other, one of the bodies must be 
raised up, or its prominences broken off: this is a philoso- 
sophical definition o{ friction. 

Friction is greater in bodies, in proportion to their weight 
or pressure against each other. It does not increase much 
in proportion to the surface, but in proportion to the velocity 
of the moving bodies. Wood slides more easily upon the 
ground, or earth, in wet weather than in dry, and more easily 
than iron in dry weather, but iron more easily than wood in 
wet weather. A cnbio piece of smooth soft wood, eight pounds 
in weight, moving upon a smooth plane of soft wood, at the 
rate of three feet every second, has a friction equal to above 
two-thir<k( of its weight Soft wood upon hard wood, has 
a friction equal to one -sixth part of its weight: and hard 
wood upon hardwood, has a friction equal to about one^ighth 
part of its weight. In wood rubbing upon wood, oil, grease, 
or blaek«4ead, properly applied, makes tiie friction two^thirds 
less. Wheel-naves, when greased, have only one-fourth of 
the friction they would have if wet. Hence the propriety of 
so contriving wheel naves as to keep the grease from being 
dissipated. 

When polished steel moves on steel, or pewter properly 
oiled, the friction is about one-fourth of the weight; on cop- 
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pBr dr Icnd^.onie^Mk; «* Inrattf one-fixtll; and metals have 
morfe fdctiofkiwhBli Ibey-flrajveon metals of the same kind, 
thaa^ondiimrcnt metftlt. 

• The Metiop of a single kfrer ih Terjf li]ttke. The friction ef 
tiie wheel and aitle is in prspprtion to tbe weight, Telocity, 
and diameter of tbe axle ; the saialter the diameter of the 
axle, the less the friction. 

The friction of pullies is .great,, on account of the smallness 
of their diameters, in t>foportion to that of their axes ; be- 
canse thejr often bear ajptinat the bloekSy and from the wear- 
ing of their hpl^s and axles. 

In tbe wodge and screw there is much friction. Screwi 
with sharp threads, have more friction than those with square 
threads, «M eadlnNr«orews have atfMt 

* * . • • • ' 

Mm and Horses cansukrsd asJhrsii]Kau£jr$r -« 

892. A horse draws witii the greatest advantage, 
wheh the line of draught is not level with his breast, 
but incUaes upwards,, making a small angle with tbe 
horizontal plane. .When, a horse works in a circle, 
it should not be less than forty feet in diameter. A 
horse exerts most strength, when drawing horizon- 
tally. 

la turning a windi, a man exerts his strength in diffefent 
proportions at different parts of tbe circle. Tbe greatest 
force is when he pulls tbe handle upwards from the he^ht 
of his knee ; and tbe least, when be thrusts from him hori- 
aontaUy. 

The handles at each end of a winch should be put on at 
right angles to each other, and not opposite, as they often 
are* . 

The Mill and Mill Work. • 

883. Ib the strictest sense of the word, amiU aig>> 
nifies a machine for grinding com, though tbe terai 
mill- work. is frequently applied to all kind^ofma- 
ohinery where, large wheels are used. They are 
distinguiriied into various kinds, either according 
to the powers by which they are moved, or the iiaes 
to which they are applied. Such as water-mills, 
horse, wind, com,fullingi powder, and boring'-mills, 
&c. 
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To eater into tke detkil of all theso diSisnintKtrtg ofmills, 
vwaid fill a volnme, ve iball therefore ooofiiu eonelves to 
th&l moHt Qgeful macLine, tlie ooto-mill. 

Formerly, corn was groond only b; hand-mills, ooasistiog of 
two ilDDes, aimiiar 1» those uioil io water-mills, but uoch 
amallor, tlie npper one lm\ing a piece of wood fixed into it 
to move it by. Tbey.arestiU used ia some parts of Scatiand, 
and are called querai. These, howevor, have j^vea place to 
water'niiUs, and wind-mills, which are now coiiunanly used. 

394. There are three kinds of water-mUls ; breast, 
nndershot, and overshot mills, according to the 
manner in which the water is applied to the great 
wheel. In the first, the water falls down upoo the 
wheel at right angles to the float-boards, or hackets 
placed all round the wheel to receive it. In the se- 
cond, which is Dsed where there is no fall of water, 
the stream strikes the float boards at the lower part 
of the wheel. In the third, the water is poured 
over the top, and is received in backets formed all 
round the wheel. 

We shall describe the corn-mill of Uie most com- 
mon sort as follows : 

AB is the water wheel, 
which is K^erally from 
eighteen (o twenty-fouf 
feet In diameter, reckoned 

tVoin the ntlermosl edge of g 

any float-board at A, to that 
of tlie opposite one at B. 
Tbe wliect is fixed opoa a 
very strong axi«, or shalt 
C, one end uf nhich rests 
on 1), and tbe other on 
within the mill-hoose. ( 
this shaft, or axis, a 
within tlie mill-home, ii 
wheel F, about eishlgrni 
feet in diimeter, having 
(xipt all round, nhich work 
in the upiiglit staves, or 
rounds of a trundle G. This tmndle is fixed upon a strong 
iron axis, called the spindle, the lower end of which tarns 
in a brau foot, fixed at U, in a horizontal beam H H, called 
the hriitge-tree ; and the upper end of the spindle turns in « 
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wooden bd A fi)«dd into the liether mill-stone, which Ken upon 
beams in the floor I. The top of the spindle above the biuh 
is square, and goes into a square hole in a strong iron cross, 
called the r)rnd \ under wbioh, and close to the bush, is a 
ronnd piece of thick leather npon. the spindle, which it 
turns round at the same time as it does the rynd. The rynd 
is let into grooves in the under surface of the running mill- 
stone K, and ho turns it ronnd in the same time that the 
trandle G, is turned round by the cog-wheel F. This mill- 
stone bas a large hole quite through its middle, called tfie 
eye of the stone, through which the middle part of the rynd 
and upper end of the spindle may be seen ; whilst the four 
ends of the rynd lie below the stone in their grooves. One 
end of the bridge-tree which supports the spindle, rests upon 
tlie wall, wliilsttbe other is let into a beam, called the brayer, 
LM. The brayer rests in a mortice at L ; and the other end 
M, hangs by a strong iron rod N, which goes through the 
floor I, and has a screw-nut on its top at O ; by the turning 
of which nut, the end M of the brayer is raised or depressed 
at pleasure, and consequently the biidge-4ree and the upper 
mill* stone. By this means, the upper mill-stone may be set 
as close to the under one, or raised as high from it, as is con- 
venient. 

I'he com will be ground fine or coarse, according to the 
dii»<ance of the mill-stones from each other. On the top of 
box which incloses the mill-stone, stands a frame for 
holding the hopper P, to which is hung the shoe Q, by two 
lines fastened to the hioder part of it, fixed upon hooks in 
the hopper, and by one end of the string R fastened to Uie 
fore part of it ; the other end being twisted ronnd the pin 8. 
As the pin is turned one way, the string draws up tlie shoe 
closer to the hopper, and so lessens the apertnre between 
them ; and as the pin is turned the other way, it lets down the 
shoe, and enlarges the aperturp. If the shoe be drawn up 
quite to the hopper, no corn can full from the hopper into the 
mill; if it be let duwn a little, some Will fall; and the quan- 
tity will be more or less, according as the slioe is more or 
less let down ; for the hopper is open at bottom, and there is 
a hole in the bottom of the shoe, not directly under the bot- 
tom of the hopper, but nearer the lowest end of the shoe, 
over the middle eye of the mill-stone. There is a square hole 
in the top of the spindle, in which is put the feeder F ; this 
feeder, as the spindle turns ronnd, jogs the shoe three times 
in each revolution, and so causes the corti to run constantly 
down from the hopper through the shoe, into the eye of the 
mill-sfone, where it falls upon the top of the rynd, and is, by 
the motion of the rynd, and the leather under it, thrown be- 
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low the npper'8t6ne» and ground l>etweeii it and the lower 
one. The violent motion of the stone creates a centrifagal 
foree in the com goinji^ roand with it, by which means it 
gets farther and farther from the eentro, as in a spiral, in 
every revolotion, until it be qoite thrown out ; and being 
then ground, it falls thoogh a spout, called the mill-eye, into 
a trough. 

When too much com is let into the mill, or when the mill 

is fed too fast, the corn bears up the stone, and is ground 

too coarse ; and besides, it clogs the mill, so as to make it 

go too slow. When the mill is too slowly fed, it goes too 

fost, and the stones, by their attrition, are apt to strike fire. 

Both which inconveniences are avoided by turning the pin 

S backward or forward, which draws up or lets down the 

shoe ; and thus regulates the feeding, as is found convenient; 

the greater the quantity of water that falls upon the wheel, 

and the heavier the running mill-stone is, the faster will the 

mil] bear to be fed ; and consequently it will grind the more. 

And, on the contrary, the lighter the stone, and the less the 

quantity of water, so much slower must the feeding be. But 

when the stone is considerably worn, and become light, the 

' mill mast be fed slowly at any rate ; otherwise the stone will 

be too much borne up by the corn under it, which will make 

the meal coarse. 

' The power sufficient to turn a heavy mill-stone, is but very 

' little more than what is necessary to turn a light one ; for as 

' it is supported upon the spindle by the bridge-tree, and the 

end of the spindle that turns in the brass foot therein, being 

' but small, the difference arising from the weight is but very 

inconsiderable in its action i^^nst the power or force of the 

water. 

It is natural the corn should be crashed, when it comes to 
a place where the interval between the two milUstones is less 
than its thickness ; yet the upper mill-stone being supported 
on a point which it can never quit, it does not so clearly ap- 
pear why it should produce a greater effect when it is heavy 
than when it is light ; since, if it were equally distant from 
the nether mill-stone, it could only be capable of a limited 
impression. But as experience proves that this is really the 
case, it Is necessary to discover the cause. The spindle of 
the mill-stone being supported by a horizontal piece of tim- 
ber, about nine or ten feet long, resting only on botii its ends^ 
by the elasticity of this piece, the upper mill-stone is allowed 
a vertieal motion, playing up and down ; by which movement, 
the heavier the stones are^ the more strongly is the corn 
pressed between them'. 

Both the upper and under mill-stones have channels or 



finrrows cat into tbem, |iroceeding obliquely from the centre 
to the circamference, in order to eat and grind the ' corn. 
And these furrows Ar& cut perpendicnJarly an one side, and 
obliquely on the other, which gives each furrow a sharp edge ; 
and in the two stones they Qonie,.aS it were against one an- 
other, like the edges of a pair of sdssars, and so cirt tthe com, 
to make it grind the easier, when it falls upon the places be* 
tween the farrows. These are dut the same way in both 
stooes, when they lie upon their backs, which makes fhem 
run crossways to each other when &e npper stone is inverted 
bty taming its farrowed surface towards that of the lower ; 
for if the furrows of both stones lay the same way, a great 
deal of the corn would be driven onward, in the lower far- 
rows, and so come out from between the stones, without be- 
ing cut or bruised. Also the grinding surface of the under 
stone is a little convex from the edge to the centre, and 
that of the upper stone a h'ttle concave ; so that they are 
farthest from one another in the middle, and approaching' gra- 
dually nearer towards the edges. By this means the corn, 
at its first entrance between the stones, is only bruised ; but 
as it goes farther on towards the circumference or edge, it 
is cut smaller and smaller, and at last finely ground, just 
before it comes out from between them. 

When the furrows become blunt or shallow by wearing, 
the running stone must be taken up, and both stones 
new.drest with chissel and hammer ; and every time the stone 
is taken up, there must be some tallow put round the spindle 
apon the bush, which will soon be melted by the heat the 
spindle acquires from' its liirning and rubbing against the 
bush, and so will gpet in betwixt them; otherwise tlie bnsh 
would lake fire very soon. 

. The bosh mwitenlbrRce the s|»indre qnite close, to prevent 
any shake. in the motion, ^whirfa would make some parts of 
the stones grate and fire a^^nst each other : whilst the other 
parts of them would be too far asunder, and by that means 
spoil theimeal. Whenever tlie spiildle wears the bush, so as 
to b«gin ta shake in it, the stone must be taken up, and a 
chissel driven iato several parts of the bush ; and wlmn it is 
taken out, woiJidcn wedges mast be forced into the holes ; 
by which means the bush will be made to embrace the spindle 
agalu; close all round. In doing this, gre^ care most be 
t9ken to drive equal wedges into the bush on opposite sides 
ot,thos|HRdle ; otherwise it wilt be thrown out of the perpen- 
dicuUr, and so hinder the upper stone from being-set paraUel 
to tlie under one, which is abscdutely necessary for making 
good work. When any accident of this kind happens, the 
perpendicular position of the spindle mnst be restoied by &d* 
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jttslillic the bri^e-tree with proper wedges between tte 
brayer and it. 

It freqaently occurs, that the rynd is a litUe wrenched in 
laying down the upper stone upon it, or is made to sink a 
little lower on o^^ side of the spiridle than on the other ; and 
this wUI cause one edge of the upper stone to drag all round 
upon the other, while the opposite edge will not touch. But 
this is easily set to rights, by raising the stone a little with 
a lever, and putting bits of paper, cards, or thin chips, be- 
tween the rynd and the stone. 

A less quantity of water will turn an overshot-mill (where 
the wheel has buckets instead of float-boards) than a breast- 
mill, where the fall of wa,^er seldom exceeds half the height 
of the wheel ; so that, where there is but a small (juantity of 
Water, and a fall great enough for the wheel to lie under it, 
the bucket, or over-shot wheel, is always used : but where 
there is a large body ef water with a little fall, the breast, or 
float-board wheel, must be used. Where the water runs 
only upon a small declivlt^^ it can act but slowly Upon the 
under part of the wheel ; iti which case, the motion of the. 
wheel will be slow ; and therefore the floats ought to be Tery 
4ong, though not high, that a large body of water may aet 
upon them ; so that what is wanting in velocity may be made 
up in power ; and then the cog-wheel msur have a greater 
number of cogs, in proportion to the rounds in the trundl^^ 
in order to give the milestone a sufficient degree of velocity. 

It was the opinion of Smeaton, that the powers necessary 
to produce the same effect on afl undershot-wheel, a breast* 
wheel, and an overshot-wheel, must be to each other as the 
Burabers 2.4, 1.75, and 1. 

Practical Rules for the Consttuction of Mills* 

•i95. Measure the perpendicular heigl^t of the 
fall of water, in feet^ above that part of tlie wheel 
on which the water begins to act, and csdl thai the 
height of the fall. 

Multiply this constant number 64.2882 by the 
height of the fall in feet, and the square root of the 
product will be the velocity of the water at the bot« 
torn of the fall, or the number of feet that the water 
there moves per second. 

Divide the velocity of the water by tttr^e, and the 

Saotient will be the velocity of the float* boards of 
le wheel, or the namber of feet they itiust each go 

VOL. I. s 
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ttxroiigh in a secoiidy when the water acts upon 
them 30 as to have the greatest power to tarn the 
mill. 

Divide the cirqumference of the wheel in feet by 
the velodty of its floats in feet p^ second^ and the 
quotient will be the nnmber of seconds in which the 
wheel turns round. 

By this last number of seconds divide 60^ and the 
quotient will be the number of turns of the wheel in 
a minute. 

Divide 120 (the number of revolutions a mill- 
stone four feet and a half diameter ought to have in 
a minute) by the number of turns of the wheel in a 
minute, and the quotient will be the nnmber of 
turns the mill-stone ought to have for one tarn of 
the wh.eelt 

Then, as the number of turns of the wheel in a 
minute is to the number of turns of the mill-stone 
in £i minute, so must the number of staves in the 
trundle be to the number bf cogs in the wheel, in 
the nearest whole numbers that can be found. 

Of Clock-Work. 

396: The technical terms, or terms of art, and the 
names of the various parts of a clock and watch will 
giv.e a popular idea of the construction of either ; 
and if you open your watch the following parts may 
be understood from description.. 

The wheels, and the rest of the work, are cmi- 
tained in tiie frame, which consists of the pillars and 
plates., . 

That wliich the main-sprinj^ lies in, is the spring-box : 
that which the spring winds about, in the middle of the spring- 
box, is the spring-arbor; to which the spring is hooked at 
one end. At the top of the spring-arbor, is the endless screw, 
and ftd wheel : but in spring clocks, it is a ratchet-wheel, 
with its dick ^hat stops it. 

That which the main-spring draws, and about which the 
ch«in or string is wound, and which is commonly taper» is 
the fnsee. In larger work, going with weights, where it i» 
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cylindrical, it is called the barrel ; the small teetili at ike bot*^ 
torn of the fusee, or barrel, that st^ it in witidiitg up, is tiie 
ratchet. That which stops it when wound up, and is for that 
end driven up by the string, is the gardecnt . 

The parts of a wheel are,, the hoop, or rim ; the teeth ; the 
cross ; and the collet, or piece of brass, soldered on the arbor, 
or spindle, on which the wheel is riveted. . . 

A pinion is that little wheel which plays in the teeth of the 
wheel ; its teeth (which are commonly few in number) are 
called leaves, not teeth. 

The ends of the spindle are called pivots ; the holes; in 
which they run, pivot holes. 

The guttered wheel, with iron spikes at the bottom, in 
which the line of ordinary thirty-hour house clocks runs is 
called the pulley. 

The dial>piate, the hands, screws, wedges, stops, &c. hardly 
need mentioning. 

Thus much for general names, which are common to ail 
parts of a movemeol. 

Watches are all such movements as shew the parts of 
time ; and clocks are such as publish it by striking on a 
bell, &c. But commonly, the name of watches is appropri- 
ated to such as are carried in the pocket ; and that of clockr 
to the larger movements, whether they strike the boar or not. 
Watches which strike the hour, are called pocket-clocdcs, or 
more commonly repeating-watches. 

The parts of a movement to be considered, are the watch 
and clock parts. The watch part of a movement is that which 
serves to measure the hours i in which the first thing to be 
noticed is. the balance, whose parts are the rim, which is the 
circular part of it ; the verge is its spindle, to which belong 
the two pallets, or leaves, which play in the teeth of the 
crown- wheel : in pocket-watches, that strong stud in which 
the lower pivot of tne verge plays, and in the middle of which 
one pivot of the balance-wheel plays, is called the pottance. 
The bottom of this i|. called the foot;. the noddle part fin. 
which the pivot of the balance- wheel turns) is. cidled u^ 
nose; the upper part, the shoulder of tlie . pottance. The 
piece which covers the balance, and in wliieh the upper pivot 
of the balance plitys, is the cock. The small spring- in pocket 
watches underneath the balance, is the regulator,, of .pendii4 
Jum spring. 

The parts of a pendulum are the verge^ pallets, and cocks, 
as before. The ball in long pendulums, the bob in short ones, 
is the weight at the bottom, which is fixed to the wire br rod. 
The term peculiar to the royal swing, are the pads, and there 
are, besides these^ several other terois which clo^tmakeBi 
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ote^iii TMioiif softs of pieces, as the sniol or step-wlleel Id ite* 
peatteg clocks, the rack, the safe-guards, the several IcTen^ 
lifters, and detents : but it would be tedious, nor is it neces- 
sary, to mention the particulars. 

Of Pendulums. 

3S7. A Fendulum is a heavy body hanging by a 
string or wire^ moveable on a centre, and each swing 
is called a vibration, or oscillation* Ttie vibrations 
are produced by the falling of the weight to the 
lowest part of tne circle, and by the force acquired 
by the laiL 

Galileo was the first who observed that all the vibrations 
of the same pendulum, whether great or small, are performed 
nearly in equal thues : and the longer a pendulum, the slower 
are its vibrations, the squares of the times being inversely as 
the lengths. 

Heat expands, and consequently lengthens, pendulums; 
and cold contracts, and shortens them. A pendulum, to 
vibrate seconds, must be shorter at the equator than at the 
poles. 

Methods have been used for correcting the irregularity 
arising from expansion and contraction ; one of these is the 
grtdiran -pendulum. Deal is the best substance for pendulnm- 
rods> as it is veiry little affected by heat and cold. 

Of JVheeU Carriages. 

396. The wheels of carriages turn round, on ac- 
count of the friction they sustain in contact with 
the roads ; and large wheels are mqf:e advantageoas 
than small ones. 

Infbnr*wheeled carriages, the fore-wheels are made smaller 
than the hind ones, for the conveniency of turning ; otter- 
wise they would be better of the same size. Broad wheels 
are better for heavy carriages— such as waggons— because 
they press and harden, instead of cutting up the roads^ as 
small wheels do. 

The Steam-Engine. 

999. The steam-engine, one of the noblest mo- 
nnments of human ingenuity, was originally in- 
rented by the Marqub of Worcester, in the reig;B 
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of Charles II. And various persons improved on 
the Marquis's idea, till 1762, when the late Mr. 
Watt began to turn his attention to this machine, 
which he brought to perfection. v 

in the old engines, where the working stroke was only 
downwards, the piston-rod was attached to the beam by 
chains, which bent round an arch on, the end of the beam, to 
make the piston-rod move in a perpendionlar direction, in 
Watt's engines, whiere the working*stroke i& doubled, that 
is, both upwards and downwards, chains could not answer 
this purpose, as, when the piston was forced upwards, they 
would slacken, and would not communicate me motion to 
the beam. It was necessary, therefore, that the piston-rod 
should be fastened to the beam with inflexible bars; but that 
the stroke might be perpendicular, a contrivance, called the 
parallel-joint was invented, which ansivers the intmided put* 
pose. In order to make the ennne itself open and shujt the 
ateam and eduction-valves, long levers are attached to them, 
moved by the piston-rod of the air-pump. This part of the 
apparatus is called the working-geerd and is so contrived, 
that the valves may be worked eittier by hand or by the per* 
pendicular rod. By shutting these vidves, the engine may 
be stopped in an instant 

To communicate a rotatory motion to any machinery by 
the motion of the beam of the steam-engine. Watt made use 
of a large fly-wheel ; on the axis of which, is a small concen-^ 
trie-toothed wheel. A similar toothed-wheel, is fastened by 
straps to a rod coming from the end of the beam, so that it 
cannot turn round on its axis, but must rise and ikU witbibe 
motion of the great beam. 

A bar of iron connects the centres of these two small- 
toothed-wheels, so that they cannot quit each other. This 
mode of moving the fly, is preferable to a crank ; as it goes 
with twice the velocity ; it is called the sun and planet wheel, 
' from the resemblance of the motion to tiiat of those lumi* 
naries. The mode of operation in Mr. Watt's engine, will 
be best understood by inspecting one of them at work. 

The actual performance of some of these engines, as they 
have been ascertained by experience, is as follows : 

An engine, having a cylinder of 31 inches in diameter, 
and making 17 double strokes per minute, performs the work 
of 40 horses, working night and day (for which three relays, 
or 120 horses must be kept), and bums 1 1 ,000 pounds weight 
ef Staffordshire coal per day. A cylinder of 19 inches making 
S5 strokes, of 4 feet each, per minute, performs the work o 
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laboraei woiking conituttlr, and bnnit 3,700 poondsper 
day. A oylinder of 34 inches, nwkiDr 22 atrokes of 6 feet, 
burns S^fiOOponnds of coftk and is e^ivalent to the work of 
Vi hones. 

400. Watfs SttOM'Engine at Work. 



, Ulut. A is the boiler, to wliich Mr. Watt bai paid veij 

great attention. It is generally of an oblong form ; and tiie 
ame, after strilting on its concave boltom, circulates loond 
t)ie sides, and sometime! returns in a pipe throuzli tlio bod) 
of the water, before it i* suffered to go up into tue ciiimiiey. 
In his engines there aie commonly two of these boilers, so tbal 
one of tbem may work while the other is repairing, B is 
. the steam pipe which cooTejs llie steam to the cylinder C, 
which is cased, Ititd closed at lop by a plate, having a collar 
of leather, through which the piston-rod D wurlu. a and c 
are the stcam-vaTves, through wnich the steam enters inb) tlie 
cylinder : it is admitted through a, when it is to press the 

Siston downwards, and through c when it presses it npwarda. 
and d are the eduction valves, through which the steam 
passes from the cylinder into the condenser e, which is a se- 
parate vessel placed in a cislern of cold water, and which 
bas a Jet of cold water, continually playing up in the inside 
of it i/ia the airijiymp, which extract* the air and water Irom 
the condenser. It is worked by the great beam or leaver, and 
the water brought by it from the condenser, after beii^ 
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tooui^bt iiitD the hot>weU g^ u pamped w^ again by the 
pamp A, and is brought back ag^ininta the boiler by the pipe 
t : A is another pomp, also worked by the eqgine itself, 
wkieh'sappliea thie cistern in which the condenser is placed, 
Wiflioold water. 

401. .,^e pump is a commoa and most use- 
ful engine^ first inyented by Ctesibius, a mathema- 
tician of Alexandria, about 120 years B* C». When 
the pressure of the air came afterwards to be known^ 
it was. ibproved ; . and it is now brought to great 

perfpc^W J . 

Of' this machine there are three kinds, the suck^ 
ing, the lifting^ and the forcing pump* . 

By the two last, water may be raised to any height, with 
an ade<{uate apparatus and sufficient power ; by the suckiu^ 
pomp, it can only be raised thirty-three feet above the sur- 
face of the water. In practice, however, this kind of pumjp 
is seldom applied to raise water much above twenty-eight 
feet ; beoanse the. air is sometimes lighter than thirty-three 
feet of water ; and whenever that is the case, the piunp will 
foil to act 

402. The sucking-pump is an engine both pneu- 
matic and hydraulic : 

G<msisting of a pipe A B^ open at both 
ends, in which is a moveable cylinder or 
piston C, as big as the bote of the pipe in that 
part wherein it works ; andcontrii^d bylea- 
thers or other means tofit the bote. exactly, 
so as not to allow any air to pass between it 
and the sides of the pipe wheite AX aots< In 
the piston there is a valve opening upwards, 
like a trap-door, to allow the ahr and water 
readily ta ascend, but to prevent either of 
them from descending. This piston is called 
the bucket. It is moved up and down in the 
pipe by a rod fastened to a handle or lever, or 
such parts of machinery as are to work it. 
The pipe usually consists of two. parts, of. 
which the first and wider part A D, is called 
the working-barrel, because it contains the piston ; and the 
other D B^ the suction-pipe* 
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Atthe joitting of tke woridag barrel with the raetioa-pi^; 
there is a fixed vaWe D, openiiig also upwardsc The lower 
end of the saetion*pipe is immersed in water, and admitted 
into it tbroog^h small holes at B, to prevent the entrance of 
dirt ; at the top of the working-barrel is a wide head, and a 
pipe £9 for the delivery of the water that is raised. 

The water we admit is raised from the well by the prtfture 
^ih€ titmoiphert. At the beginning of the operation, if the 
leathers be dry, the piston C, will not exhanst the air soffici* 
ently, and the water will not rise ; if a little water be poured 
upon the piston, it will swell the leatliers and causing them 
to fit close, the puton will act This is vulgarly called, fetck- 
ing the water. The perpendicular height of the pLrton or 
bucket from the surface of the water in the well, must always 
be less than thirty-three feet, else the water will never get 
above the bucket But when the height is less, the pressure 
of the atmosphere will be greater than the weight of the 
water in the pump, and will raise it above the backet; and 
when the water nas once got above the bucket, it may be 
lifted to any height, if the piston-rod be long enough, and a 
sufficient degree of strength employed. 

403. In the Hfting pump there is always a colanui 
of water lifted,, whose base is equal to the top of 
the piston, and whose height is equal to the dis- 
tance from the piston to the head. This weight 
will not be made less by diminishing the diameter 
of the barrel above the piston, because fluids press 
in nropprtion to their bases and perpendicular alti- 
tuaes. This pump is much used in great water* 
works ; it is the simplest of all in its operation, and 
produces an influx by the spent nearly equable. 

404. The forcing-pump, consists of a barrel, and a' 
piston or forcer, together with a main or lateral 
pipe to deliver the water, and in which there is a 
valve. The great end of the forcing pump is to 
convey the water further from its bed than either 
the sucking or lifting pump; and this it does more 
easily, by means of. the latwal pipe and valve. 

Thus, when the piston or plunger G is lifted up by the rod 
D, the water forces up the valve h in the box H, and rises 
into the body or barrel of the pump above H. When the 
piston O, therefore, (which we must observe has no hole or 
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valve in it) is depreued to H, the vnlre b being otoMd b; ftis 
action ; tbe valer in tlie barrel of the pump findin); no other 
vent is Torced into tbe pipe MH, and so ap through the pipe. 
If there is no occasion for a continned stream of water, ti» 
pipe M 18 conlinaed to anj given height, and then tiie water 
woald 1>e tbrown ont like ttjtt ieaux at every stroke of Q» 
piston. 

Bnt to make a continned strean^ 
a further contrivance is aecexsar;, 
and Iheair vessel KK has been an- 
nexed to the pipe M, to receive the 
water forced into it l>j eitch stroke 
of the piston. When, therefore, t>i« . 
waler by this action continued, gets 
above tlie lower end of the pipe 
G HI, which ia fixed air, tight in tbe i 
top of the vessel, the air in tiie up- 
p<^r part in proporliooably condeti' 
■ed. Tlie action of the pump being 
then continued, in proportion as 
the vessel KK is filled with water, 
the Hir above is compressed, and 
in return presses in the surfnee of 
the water, and drives it out through 
the pipe at tlie orifice G in its end 
in a continued etreani, and with 
great force. 

'i'he fire engine is nollung more 
than tno of these pumps in aclion, 
to produce one continued stream. 

405. The chain pump consists of two sqnare, or 
cylindrical bairels, through which a chain passes, 
having a great number of Sat pistons, or valves, 
fised upon it at proper distances. 

This chain passtis round a kind of wheel-work, ^sed at 
one end of tlie macliine. The teeth of this are so contrived 
as to receive one halfof the flat pistons, whit^ go free of the 
aides of the barrel b; near a quarter of an incb, and let them 
fold in, and tliey lake hold of the links as they rise. A whole 
row of the pistons, whieti go free of the sides of the barrel by 
near a quarter of an inch, are alvrajs lifting when the pump 
is at work, and as this machine is genendl; worked wim 
briskness, thej bring up a fall bore of water in the pnmp. 
It is wrought either by one or two handles, aocordtog to Uia 
liiboQT re<jiiired. 

s 5 
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'. Tlie.prafereiioe which has been gpiten to chain-pumpa, 
onrer those which work by tiie preware of the atmosphere^ 
nrast have arisen from this circumstanoe, that the former 
have been fonnd less liable to choke. 

In point of friction, of coolness, and of cheapness, tlie 
sockinp-pnmp has so evidently the advantage over the chain- 
pump, that it will not fail to gain the preference, when it shall 
be no longer liable to be choaked widi gravel, &c. &c. 

406. BachoQan's pump, which, like the common 
punip, acts by the pressure of the atmosphere, is 
not liable to the defects incident to other pumps 
uppn that principle, being essentially diflTerent from 
those in general use. The principal object of its 
inyention was to remove the imperfection of choak- 
ing, and in attaining this end, collateral advantages 
have also been produced, which enhance its utility. 
The points in which it differs from the common 
puknp, and by which it excels, are, that it discharges 
the water below the piston, and has its valves lying 
near each other. 

The advantages of this arrangement are, 1st, that the sand 
which may be in the water, is discharged withont iojaring 
the barrel or the piston-leathers ; so that besides avoiding 
-vinnecessary tear and wear, the power of the pomp is pre- 
served, and it is not apt to be diminished or destroyed in 
moments of danger, as is often the case with the common 
and chain-pumps ; that the valves are not confined to any 
particular dimensions, but may be made capable of discharg- 
ing every thing that can rise in ike suction-piece, without 
danger of being choaked ; 2dly, if, upon any occasion, there * 
should happen to be an obstruction in the valves, thej are 
both within the reach of a person's hand, and may be cleared 
at once, without the disjunction of any part of the pump ; 
'and, 3dly, the pump is rendered capable of being instanUi^ 
jiieously converted into an engine for extinguishing fire. Be- 
sides, it occupies very little space in the hold of a ship, and 
.thus saves room for stowage. ' 

Mr. Buchanan invented this pump when superintending 

the cotton mills at Rothsay ; and though then a very little 

<boy, I accompanied my father to see the first exhibition of 

this useful engine ; indeed, I have every reason to believe 

that Mr. Buchanan consulted my father in this invention. 

But this pump is not confined to nautical uses alone ; its 
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«d«pUaD extends to Uie laislng of water w sU-Ntuation^ Mid 
witti peculiar adftuitage where it bappeos to be nuxed with 
sand or Kubat&Dces which deatroj other pampa, as. Tor in- 
stanoe, in at^m-worLs, in ininea, in quarries, in the elearing 
of fonodations ; and, in its doable capacity, itmajbevery 
eunveniently used in gardens, bleacbinK-grounds, in stable 
and ^m-jards, and in all manuractoiies, or other places, 
where there is a necesaity for raislnz water, and the risk of 
fire. 

With all these advantages, if is a simple and durable 
pnmp, and may be made cither of metal or wood, at a tnode- 
rate expense. 

The Diving Belt, 

407. To illustrate the principle of this machine, 
take a glass tambier, plnnge it into water with the 
mouth downwards ; yon will find that very little 
water will rise into the tumbler; which will be evi- 
dent, if you lay a piece of cork upon the snrface of 
the water, and put the tanibler over it ; for you will 
seet that though the cork should be carried far below 
the surface of the water, yet that its upper side is 
not wetted ; the air which was in the tumbler haying 
prevented the entrance of the wa- 
ter ; but as air is compressible, it 
could not entirely exclude the wa- 
ter, which, by its pressure, conden- 
sed the air a little. 

The first diTing-bell of anj note, WM 
made by Dr. Halley. It is most com- 
monly made in the fotm aS a trancated 
cone, the smallest end being cloied a.nd 
tlie larger one open. It is weighted wilfa 
lead, and sosnspended that it may link 
full of air, with its open base down- 
wards.and as near as may be parallel to 
the horizon, so aa to close with the sar- 
-&C0 of the water. Mr. Smeaton's diving 
bell was a square chest of cast iron, 
four feet and a half in beigbl, fourfeet and ahalf lalength^ 
and three feet wide, and affwded room for two mm 
to work in it. It was supplied with fresh air by a forcing- 
uumn. This WB« used with great success at Rams{^ste. Othec 
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oontrhrances have been used fbr diving to small defithSy 
which haye answered very well, sach as strong cases for the 
body, to keep off the pressure of the water, wmch were sup* 
plied with fresh air by pipes from the surface. A yery good 
one of this kind is particularly described in the Philosophical 
Magazine, vol. viii. p. 59. 

But the common shape of bells seems best calculated for 
any instrument of this name^ to sustain the pressure of the^ 
snrrouuding fluid. 

Invention o/BaJloons, and Progress of Aerostation* 

406. Two brothers^ of the names of Stephen and 
John Mont^olfier, and proprietors of a paper manu- 
factory at Annonay in France, formed the idea, in 
1782, of cansing a cloud of smoke to ascend in a 
bag« This experiment succeeding^ it vras repeated 
in November following, at Avignon, upon rather a 
larger scale ; the brothers, on this occasion, using fi 
silken bag. Burning paper being applied to the lower 
aperture the air was rarefied, and the bag ascend-^ 
ed in the atmosphere, and struck rapidly against the 
ceiling. In the open air the bag rose to the height 
of seventy feet. 

Eneouraged by these experiments, they constructed a b^ 
which contained about six hundred and fifty cubic feet of 
smoke. This broke the cords which held it, and rose to the 
height of about six hundred feet. Another bag one hundred 
and twenty feet in circumference, rose about one thousand 
feet and fell to the ground about three quarters of a mile 
from the place of its ascension. 

A public exhibition now took place at Annonay, on the 
6th June, 1783, when a linen bag lined with paper, confaiiir 
ing upwards of twenty-three thousand cubic feet, and capable 
of raistng five hundred pounds, ascended in ten minutes to 
the height of six thousand feet, and fell at the distance of 
seven thousand six hundred and sixhr-eight feet from the 
place from whence it had set out. This balloon had been 
inflated with the smoke arising from burnt straw and wool. 

"One of the Monfgolfiers being invited by the Academy of 
Sciences, to exhibit these experiments at their expence in 
Paris, lie constructed a large balloon of an elliptical form, 
which lifted up eight persons who held it, and would have 
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carried them all off, if more had not come to their assistance. 
Next day this experiment was repeated in presence of tlie 
members of the academy, the machine being filled by tiie 
combustion of fifty pounds of straw, made up in small ban- 
dies, upon which about twelve pounds of chapped wool were 
thrown at intervals. This balloon had ballast attached to 
it, weighing five hundred pounds, which it sustained in the 
air. 

An immense baUoon sixty feet high and one hundred and 
thirty feet in circumference was now prepared : it was beau- 
tifully decorated within and without. To this machine was 
attached a wicker cage, containing a sheep, a cock, and a 
duck, which were the first animals ever sent upon an aerial 
voyage. This experiment was not completely successful, on 
account of a sudden gust of wind which tore the cloth in two 
places near the top, before it ascended ; however, it rose to 
the height of one thousand four hundred and forty feet, and 
after remaining in the air about eight minutes, fell to the 
ground, at the distknce of ten thousand two hundred feet 
from the place, whence it set out. The animals were alive 
and well when they were taken out of the cage. 

A new machine, one hundred and forty-five feet in cir- 
cumference, and seventy-four feet high, being constructed, a 
grate and gallery were attached for the convenience of a 
man, who should have the power of keeping the balloon in* 
flated by throwing straw upon the fire, and, thus sustain 
himself in the atmosphere as long as be thought proper. 
This balloon was of an oyal shape, and was elegantly paint- 
ed on the outside with the twelve signs of the zodiac, &c, 
&c. the total weighty including tlie grate and other appa- 
ratus, being one thousand six hundred pounds. The first 
human being who was bold enough to ascend into tlie regions 
of space Mras M. Pilatre de Bozier ; he took his seat in the 
gallery of this machine on the 16th of October, 1783. His 
first ascent was to the height of eighty-four feet, where he 
kept the baUoon afloat for the space of about four mi- 
nutes and a half. On repealing tho experiment soon 
after he rose to the height of two hundred and ten feet ;.and 
on another repetition he ascended two hundred and sixty- 
two feet ; but on a gust of wind having blown the balloon 
over some large trees, M. Pilatre suddenly disengaged him- 
self from so perilous a situation, by throwing some straw 
and chopped wool on the fire, which raised him at ouceto 
a sufficient height* On descending again, he raised himself 
by the same means. Soon after, he ascended with M. Gi^. 
rond de Yilette to the height of three hundred and thirty 
leet ; hoTering over Paris for about ten minutesy in sight of all 



9S6- M$<^anics. > 

the inbalHtantSy Ihe balloon, a]l the Hme^ keeping perfectlj 
ilteady. On the 21 st of November, 1783, M. Ptiatrc, t^d the 
Marqnis D^Alandes, placed themselves in the gallery of a bal- 
loon, whiqh was left at liberty to ascend into the air : that is, it 
was not connected with those on terra firma, by means of 
ropes, which was formerly the custom ; for it had been found 
that the ropes had little power over the aerostatic machines : 
the power of causing them to ascend and descend being in- 
Vested in those who were seated in them. This voyage last- 
ed about twenty-five minutes, during which time, flie aero- 
nauts travelled about five miles. . This adventure, however, 
was near proving fatal; for the Marquis observed several 
round holes made by the fire in the bottom of the machine, 
but its progress was speedily stopped by the presence of mind 
of the voyager, who applying a wet sponge to the parts, 
speedily extinguished it 

Balloons inflated ivith Hydrogen Gas. 

409. The success which attended Montgol6er's 
experiments with balioons inflated with rarefied air,, 
gave rise to the idea of iSubstitating Hydrogen 
Gas, which is the lightest aeriform substance known. 

The first aerostatic experiments with this gas were per- 
formed by Messrs Roberts and Charles, in a varnished lute- 
string balloon, or bag, about forty feet in circumlerence : but, 
(as in all occupations which are novel,) they found consider* 
able difficulty in the inflation of it. , When set at liberty, 
however, it was found to be thirty-five pounds lighter than 
an equal bulk of common air. It remained in the . atmos- 
phere only three quarters of an hour,, during which time, it 
traversed a distance of fifteen miles. Its descent was sup- 
posed to be owing to a rupture of the silk.. 

A large balloon was now constructed of gores of silk var- 
nished over with a solution of caontchouc ; and a net was 
spread over it which was attached to a hoop, to whiph' was 
suspended a boat of basket-work covered with linen which 
was beautifully ornamented. This boat or car was eight feet 
long, four wide, and three and a half deep,* and its weight 
was one hundred and thirty pounds. The weight of the whole 
apparatus, including the two adventurers, was six hundred 
and four pounds and a half. This, balloon ascended at^ a 
quarter before two in the afternoon, on the 1st of December, 
1783, and rose to the height of one thousand eight hundred 
feet. By occasionally throwing out ballast, the balloon 
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kept ftt nearly the same distance from the earth daring the 
rest of the yoyage. After contiuiuing in the air for three 
quarters of an hour» the aeronauts alighted at the distance 
of twenty-seven miles from Paris, having suffered no incon- 
venience during the voyage. 

After this, bdloons underwent a variety of improvements 
in size, &c. and aeronauts were enabled to perform very long 
voyages. Among others oars were added to balloons, by 
means of which considerable motion was given to them. The 
Duke de Chartres, with three other persons, were very near 
losing their lives, in an attempt to perform a voyage witii a 
large balloon containing inflammable air, but having a smaller 
one filled with atmospheric air enclosed in it. They were 
attacked by a whirlwind which damaged the balloon very 
seriously, so that they were forced to cut the cords of the 
internal one, which made it fall down upon the mouth of the 
external one^ so as to prevent the escape of the hydrogen 
gas, which was now rarefied to such a degree, by the burn- 
ing rays of the sun, as to seem every instant ready to burst 
its envelope. In this awful crisis, however, the duke had 
the presence of mind to tear two holes in the balloon, which 
immediately tore for the length of seven or eight feet. They 
now descended vdtb great rapidity, and would have fallen 
into a lake, had they not hastily thrown out sixty pounds of 
ballast, which enabled them just to reach the waters edge. 

Another scheme which proved fatal to its contrivers, was 
that of affixing a rarefied air balloon to another inflated 
with hydrogen gas. The unfortunate aeronauts, on this oc- 
casion, were M. Pilatre de Rozier, (the gentleman who was 
the first that ever ascended in a balloon,) and Mr. Romaine. 
They ascended without any appearance of danger, but had 
not been long in the atmosphere, when the inflammable air 
balloon was seen to swell very much from the heat beneath, 
at the same time that the aeronauts seemed very anxious to 
get down, and busied in pulling the valve, in order to facili- 
tate the escape of as much hydrogen as possible. A short 
time after, the whole machine was on fire, at about three 
quarters of a mile from the earth. No explosion was heard ; 
jmd the silk which composed the air balloon continued expand- 
ed, and seemed to resist the atmosphere for about a minute ; 
after which it collapsed, and the remains of the apparatus 
descended along with the two unfortunate men, so rapidly, 
that both of them were killed. M. Pilatre seemed to hare 
been, dead before he came to the ground; but M. Romaine 
was alive when some persons came up to the place Where he 
lay, though he expired immediately after. 

In France et Meudoni there was an aerostatic institute^ 
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where youths were regularly trained, and balloons prepared 
to accompany the armies, in order to give intelligence of 
the manoeuvres of the enemy. The system of aerostatic 
education at this seminary has not, however, transpired. 
The principal of this college was the celebrated and ingeni- 
ous Cont6. 

As balloons have been known to travel at the rate of iforty, 
fifty, and sixty miles an bono they might, in- addition to 
their extensive uses in meteorological and telegraphic pur- 
suits, be very beneficially applied to the transmission of 
mails from one pountry, or part of a country, to another. 
It is needless to mention the voyages of Lunardi, Gamerio, 
&c. in England, it is sufficient to say that they have proved 
successful and satisfactory. We will merely remark, that 
Gainerin's invention of Ihe parachute, which is like an im- 
mense umbrella, and which will open the instant it is cat 
from the balloon, is equally wonderful and meritprioas with 
that of the balloon itself. If this instrument bad been at- 
tached to De Rozier's balloon, we should not, perhaps, liave 
to lament his melancholy death whilst in the promotion of 
science. 

Aerial Voyage of Mr. Blanchard and Dr. Jefferies, 
across the Straits of Dover. 

410. Of all the aerial voyages, which have ever 
been projected, or put in execution, the most daring 
was that of which we are about to give an account. 
This voyage took place on the 7th of January, 
1785. The morning wajsi clear and frosty, with a 
wind that was barely perceptible, at JH.lf^'W. 

At one o'clock the boat was pushed off from one of tlie 
cliffs* As the balloon, however, was barely sufficient to 
carry two, the^^ were immediately obliged to Ibrow out all 
their ballast, except three bags often pounds each : they now 
rose gently, but made very little way, having hardly any 
wind. The barometer, which on the cliff bad been at 29.7 
inches, was fallen to 27.3, and the weather proved fine 
and warm. They had now a most beautiful prospect of 
the southern coast of England, and were able to count thirty-. 
seven villages upon it. After passing oyer several vessels, 
they found that the balloon, (within ten minutes of two 
o^clock,) was descending : upon which they threw out a 
sack and a half of ballast, but it still descended, and with 
greater velocity than before : they now threw out the re« 
maining part of the ballast. This^ too^ proving ineffectual. 
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they threw out a |>lircel of books, which made the balloon 
ascend, when they were aboat midway between France aild 
England. 

At a qnarter past two, finding themselves again descend* 
ingy they threw away the remainder of their books, and in 
ten minutes after, they had a most enchanting view of the 
French coast. Still, however, the balloon descended ; and as 
they had now no more' ballast, they were obliged to throw 
aWay their provisions, the widgs of their boat, and every 
thing they coald possibly spare. ** We threw away (says 
Dr. JeflFeries) our only bottle, which, in its descent, cast out 
a steam like smoke, with a rushing noise; and when it 
struck the water, we heard and felt the shock very percepti- 
bly on our car and balloon.'' All this proving insufficient to 
stop the descent of the balloon, they next threw out their 
anchors and cords, and at last stripped off their clothes, fas- 
tening themselves to certain slings, and intending to cut off 
the boat as their last resource. 

Hiey had now the satisfaction, however, to find that they 
were fast rising ; and as they passed over the highlands of 
Cape Blanc and Calais, the machine rose very fast, and par- 
ried them to a greater height than they had been at any 
former part of their voyage. They descended safely among, 
some trees in the forest of Guiennes, where there was just, 
opening enough to admit them. 

Aerial Voyage of Messrs. Sadler and Livingstone, 

in 1819. 

411. This voyage which was nndertaken from 
Liverpool, is the longest that has ever been made in 
Great Britain. The balloon ascended at a quarter 
past two o'clock, and alighted at five minutes past 
five, at the distance of about a mile and a half from 
the town of Stockton. 

In a space of two hours and fifty minutes, therefore, they 
traversed a distance of nearly one hundred and ten miles in 
a lineal direction ; and if the undulations and aberrations of 
the machine are allowed for, it would make at least one 
hundred and seventy miles. In the course of this voyage, they 
traversed some of the finest parts of tbe counties of York and 
I>nrham, the views of which both gentlemen describe as sub- 
lime and enchanting beyond all description. At the height of 
nearly two miles from the earth, they took tUeir refreshment, 



and drtiiik the healib of their «OTerelgn, uid prosperity 4a tbe 
town and trade of Liverpool. On spproRcning a town or 
village, they freqaenllj deicended bo Ion as to be^ able to 
cOflTerM with the people. Tiiby did not suffer mtit^ from 
Gohl ; the merciOy in the thernKODeter generally ranging 
about 36. Uafortunatel;. they had no barometer with them; 
but Mr. Livingstone coiijecturei, that their ntmost elevation 
might be ibont four milet and a quarter. Near the town of 
Stockton, tbey approached a range of hills; and on sor- 
monntiDg thete, were somewhat startled at perceiving them- 
solve* wilbin a few miles of tbe sea. They immcdiat«t5 dicir 
the valve, and alighted with all possible expedition, lie 
intrefjiil aeronants undertoolc this long v«yage with the view 
of tiTingthepowcreflbe balloon, ana its capability of iwou. 
ing the Irisfa Channel. 

412. The Method of filling Air Balloona with 
Hydrogen Gas. 



A A, are two tubs, three feet diameter and two feet deep, 
inverted in larger tubst at the bottom of each of tbe inverted 
tubs there is a hole, to which is adapted a tin tube E, seven 
inches diameter, and eight iD<;heH lon^. To these tubes the 
silken tabes of the bslloon are tied. Each of the tabs, B, is 
•nrronnded by several strong oa*ks, so regulated in nnmber 
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and capacity, as to be less tban half FuU when the materials are 
distribtited* In the top of each of these casks are two holes ; 
and to one of the holes is adapted a tin tube formed so as to 
pass over the edge of the tub, B, and through the water, and 
to terminate with its aperttfre under the inyerted- tub, A. 
*rhe other hole, which serves for supplying the cask with 
materials, is stopped with a wooden plug. 

These tin tubes may, howeyer, be 3^ inches diameter, and 
the other holes in proportion. 

Two masts with a rope, &c. are used for this machine, 
although they are not absolutely necessary ; because the bal- 
loon, by means of a narrow scaffold, or other contrivance, 
may be elevated five or six feet above the level of the* tubs, 
A A. When the balloon is to be filled, the net is put orer 
it, and suspended as* exhibited in C D F ; and having ex- 
pelled all the common air from it, its silk tubes are fi^stened 
round the tin tubes E £, and the materials in the casks are 
properly proportioned, the iron being first put in, then the 
water, and lastly, the yitrioUc acid. The balloon will soon 
be inflated by the inflammable air, and support itself with- 
out the aid of the rope G H. As the filling advances, the 
net is adjusted round it ; the cords proceeding from the net 
Are fastened to the hoop, N M ; the boat, I K, is now sa&* 
peuded from the hoop, M N, and every thing necessary for 
the voyage is deposited in it. When the balloon is a little 
more than three quarters full, the silken tubes are separated 
from the tin tubes, and their extremities being tied, they are 
placed in the boat. Finally, when the aeronauts are seated 
in the boat, the lateral ropes are slipped off, and the machine 
ascends in the air. 

In order to produce such a bulk of inflammable air as^ is 
necessary for a balloon of thirty feet in diameter, whose ca- 
pacity is 14,137 cubic feet, there will be required 3,900 lbs. 
of iron turnings, 3,900 lbs. of vitriolic acid, and 19,d00 lbs. 
of water ; with which the balloon will not be above three- 
fourths full. 

The Thermometer. 

413. This instrament, used for measuring the 
degrees of heat or cold in any body, consists of a 
small ball blown at the end with a small glass tube 
of uniform width tliroughout. The ball, and part 
of the tube, are then filled with quicksilver, which 
has been previously boiled to expel the air. The 
end of the tube is then hermetically sealed. 
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The next object is to adapt to this tabe a scale 
which shall indicate with truth the degrees of heat 
and cold. This is done in the following manner : 

It is found by experiment that melting snow 
and freezing water arc always of the same tem- 
perature. If, therefore, a thermometer be immer- 
sed, in the one or the other, the ^uieksiKer will 
always stand at the same point It has been ob- 
served, too, that water boils under the same pres- 
sure of the atmosphere, and the same tempera- 
ture. 

A thermometer, therefore, immersed in boiling 
water will uniformly stand at the same point. 

Here then are two fixed points, from which 
a scale may be constructed, by diiriding the 
intermediate space into equal parts, and car- 
rying the same divisions above and below the 
two fixed points as may be thought necessary. 

It is obvious, that all thermometers constructed 
on this principle may be compared together, for 
if they have been accurately made, and are pla- 
ced in the same temperature, they will always 
point to the same degree on the scale. 

The freezing point on this thermometer, which is called 
Fahrenheit's, is fixed at 32"" ; the boiling is 212'=' ; the inter- 
mediate space (212^^32<^) 180^ will at one point or other 
indicate all the degrees of heat between freezing cold and 
boiling heat ; the former where water beoomes ice^ the latter 
where water becomes vapour. 

ITie Barometer. 

414. The invention and principle of this instrn- 
ment are due to Torriceili, a pupil of Galileo. 

The barometer was first applied to measure the 
height of mountains, by Pascal the celebrated Creo- 
metrician and Divine. For every 103 feet the ba- 
rometer ascends^ the mercury falls -rv of an inch^ 103 
feet of air being equal to ^ of an inch of mercury 
on the surface of the earth. 

The barometer on the top of Snowdon in Wales, 
sinks 3.67 inches, therefore that mountain is 3720 
feet in perpendicular height. 



fituometen are of vftrioas kiads, and may be 
cluoed under the followiiw headi ; vix. llie omwiuni 
or ttraigkl barometer, the £ag<mal baroitieltr, the ko- 
rixentaf or redaJifpJar barometer, and the vheel ba- 

A thetmometer should alwaji be attaotied to tLe 
barometer, and b; the side uf it a scale of correctioD, 
to Rhow how much to add or labtrict, from the 
height of the mercury, in the barometer, for tbe de- 
gree of temperature ; for it is erident, that the mer- 
0017 in the lube wilt be affected by heat and cold 
in tbe tame manner ai the thermometer, and, on 
that accoiiDl, it will not obetr tbe trae weight of the 
atmosphere. 

Besides the barometer, thete are other instru- 
ment! used for meteorological purposes, M the lier- 
momeltr, hydrometer, miui'gage, raui'gtge, eleelro- 

To be well enabled to prognosticate the change of 
accarate observations oiight to be made with all these instra- 
ments, aided by experience and knowledge of natural pin- 
losophy and chemiilry ; and even then, it requires more 
Bcienco tlian we are possessed of, to predict with ocrtaintj 
the alterations of the weather. 

However, as the barometer is the most nieful of these, and 
as it nndoubteiHy affords ni considenible assistance, we shall 
lay down such directions a.!i are most approved for tbU pnr- 

1. Tbe rising ofthe mercury presages.in general, fair wea- 
ther j and its fdling, foul weadier ; as rain, snow, high winds, 
and storms. 

2. In very hot weather the falling of the mercary foretells 
thunder. 

3. In winter, the rinng presages frost ; and in frosty wea- 
ther, if the mercury fall three or fMir divlsimu, a thaw vrlH 
certainly follow. But in a continued frost, if the mercary 
rise, it will certainly snow. 

A. When foul weather happens soon after d>e falUng of the 
mercniy, expect but Utile of it ; and, on the contrary, ex- 
pect but little lair weather, when it proves fair shortl; after 
the mercnry has risen. 

6. In foul weather, when the mercury rises mneir and high, 
and so ctmtinaei for tvro or three days before tbe foul wea* 
ther is qoite over, then «xpect a conttnaanoe of fair weather 
to follow. 

6. In fdr weather, when the mercury falls much and low, 
and thns coutianes for two or diree days before the n^ 
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comet, tb^ expect a great dealof wet^ an^ probaUiy h^h 
winds. 

7« Tho.unsetled motion of the mercury denotes uncertain 
and changeable weather. 

8. Yon are not so strictly to observe the words engraved 
on the plates of the instrument (though in general it will 
agree willi tbem), as the mercury's rising and falling : for if it 
stand at much rain, and then rise up to ehangeabU^ it presages 
fair weather ; though not to continue so long as if tiie mer- 
cury had risen higher ; and so, on the contrary, if the mer- 
cury stood at fair, and fell to chm^eMe it presages foul wea* 
ther ; though not so much of it as if it had sunk lower. 

From these observations it appears, that it is not so much 
the height of the mercury in the tube that indicates the 
weather, as tlie motion of it up and down : therefore, in order 
to form a right judgment of what weather may be expected, 
we ought to know, whether the mercury is actually rising or 
fallinp: ; and to this end the following rules are of use : 

1. If the surface of tlie mercury be convex, standing higher 
in the middle of the tube than at the sides, it is generally a 
sign that the mercury is then rising. 2« If the surface be 
concave, it is then sinking. And, 3. If it be level, or rather, 
a little convex, the mercury is stationary. 

Mercury, put into a glass tube, especially a small one^ 
will naturally have its surface a little convex, because the 
particles of mercury attract one another more forcibly than 
they are attracted by glass. « 

If the glass be small, shake the tube, and if the air be 
grown heavier, the mercury will rise about half the tenth of an 
inch higher than it stood before ; if it be grown lighter, it will 
sink as much. This proceeds from the mercury's sticking to 
the sides of the tube, which prevents the free motion of it antil 
it be disengaged by the shock ; and therefore, when au obser- 
vation is to be made by such a tube, it ought always to be 
shaken first ; for sometimes the mercury will' not vary of its 
own accord, until the weather it ought to have indicated, be 
present. 

The- above-mentioned phenomena are peculiar to places 
lying a considerable distance from the equator ; for in- the 
torrid zone, the mercury in the barometer seldom either rises 
or falls much. 

In Jamaica, it vas observed by Sit WiUiara 
Seeston, that the mercary in llie morning constant- 
ly stood at one degree below changeable, and at 
noon sunk to one degree above rain : so that'the 
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whole scale of variation there was only three-tenths 
of an inch. At St. Helena, too, where Dr. Hailey 
made his observations, he found the mercury to 
remain almost stationary, whatever weather hap- 
pened. 
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ACOUSTICS. 



415. Acoustics signifies the doctrine of hear*? 
ing, and the art of assisting that sense by means of 
speaking trumpets, hearing trumpets^ whispering 
galleries, &c. 

416. When bodies move in elastic fluids, they 
condense that part towards which they move, at 
the same time that the part they recede from is 
rarefied. This condensation or rarefaction mnst 
produce an undulatory or vibratory motion in the 
fluid. 

If a body, by percussion or otherwise, be put 
into a tremulous motion, every vibration of the body 
will excite a wave in the air, which will proceea 
in all directions, so as to form a hollow sphere ; 
and the quicker the vibrations of the body exceed 
each other, the less will be the distance between 
each successive wave. The sensation excited in 
the mind by means of these waves, which enter the 
ear, and produce a like motion in a thin membrane 
stretched obliquely across the auditory passage, is 
called sound. 

That bodies move or tremble- when they produce sounds 
requires no particnhir proof: it is evident in drams, bells, ' 
and other instmmeDts, whose vibrations being large and 
strong,' are therefore more perceptible ; and it is equally cieaf^ 
that a similar vibration is excited in the air, because this 
vibration is commnnietited through the air to other, bodiefc 
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that are adapted to vibrate in the mune niaiilier t tbns bellis« 
glasses, basons, aod mamoal stoiags, will sound tnerely b^ 
uie action propagated from other soanding bodies. Musici- 
ans well know that if a fiddle be played on by a good hand, 
and another fiddle be lying in the same room, the draw^ 
ing of the bow over a particalar string, wiU affect the simi- 
lar string of the other fiddle. 

417. It is established as veil by mathematical 
reasoning, fron^ the nature of an elastic flaid, whose 
compression is as the weight, as from experiment, 
that all soands whatever, arrive at the ear in equal 
times, from soanding bodies eqaally distant. This 
common velocity is 1142 English feet in a second 
of time. 

The knowledge of the velocity of sonnd, is of use in de- 
tennining the distances of ships, or other objects : for in-^ 
stance, suppose a ship fires a g^n, the sound of which is heard 
five seconds after the flash from the ignition of tlie powder is 
seen; then 1142 multiplied by 5, gives the distance 6710 feet, 
or an English mile and 330 feet. At New Gibraltar, when the 
watch-word of the night, AWt Welly has been given by the 
centmel to the patrole on the ramparts, it has been heud 
distinctly, in a still, serene night, and the water perfectly 
smooth, at Old Gibraltar, a distance of about ten miles and 
a half. 

418. When the aerial waves meet with fin obsta^ 
cle which is hard, and of a regular surface, they are 
reflected ; and consequently, an ear placed in the 
course of these reflected waves, will perceive a 
sound similar to the original sound, but which will 
seem to proceed from a body situated in like posi- 
tion and distance behind the plane of reflection, as 
the real sounding body is ben)re it. This reflected 
sound is called an ecAo. 

Echoes are produced by the air which has been set in mo- 
lion striking against a wall, rock, or such like, by which it 
IS repelled. Echoes are familiar even to children, who fimcy 
they hear tlie house talking to them. In this respect, the 
science of acoustics bears some analogy to that of optics: 
with this difference, however, that sound does not require a 
|>olished body to reflect it That an echo may take place, 
the repelling object must be at least thirty feet distant 
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lliBki Echoes are prodaced by mountains on the firing of f^ans. 

KRbl The famoas echo in Woodstock Park returns seventeen syU 

M iafoles in fhe day-time, when the wind is brisk ; and twenty 

ooib in the night-time : for then the air being deaser, the vibra- 

theii tions become slower, and a repetition of more syllables is 

tliei heard. We are also assured, that there is a much finer ecj^o 

from the north side of Stepney Church, in Sussex, which, in 

£ thye night-time,' will repeat these twenty-one syllables >— 

I llii 0« hommi ttAUme de^t, eoeluntque tueri 

'. JnssiL et ereet9S 

eniw 

fn the lake of Killamey, in Ireland, and in the subterranc- 

"'^^ ous wonders of the Peaks of Derbyshire, echoes add mucii 

t ^ to the delight of the traveiter. 

\m ^* At two miles from Milan,'' says Addison, *^ there stands 

a building that would have been a master-piece of its kind 

had the architect designed it for an artificial echo. We 

disclKirged a pistol, and bad the sound returned to us aboTc 

fifty-six times, tiiough the air was very foggy. There are two 

i^Jf parallel wails which beat the sound back on eaeh oth^r tUl 

1^** . the adulation is qidte worn out/'* 

''^* Some buildings have a remarkable property in conveying 

^\ sound. In buildings of an elliptical shape a whisper in 

^V' one focus will- be distinctly heard in the other focus. The 

D^ concert-rooms at Edinburgh are so contrived, that the pet- 

^ formers sit in one focus, and the audience in the other. £n 

ii0^ the whispering gallery of St. PaaPs, a person speaking in the 

lowest tone of voice, is distinctly heard at the opposite side. 

j0 A person sitting in one of the recesses of Westminster bridige 

. overthe Thames, readily hears the sound of a person speak^ 

., ing in the opposite recess. 

^j 419. The waves ^f sound being tlius refle^blei 

,j! nearly the same in effect as the rays of light, may 

^ be deflected or magnified by much the same CQBtri*. 

[J irances as are used in optics. 

^ From this property of reflection, it happens tJJMd sounds ut- 

tered in one focus of an elliptical cavity, are heard mach 
magnified in the other focas; instances of which are found in 
i several domes and vaults, particularly the whispering-gallery 
I of St. Paul's Cathedral, liondon, where a whisper atti»r«d at 
f one side of the dome is reflected to the other, and may he 
t very distinctly heard. On this iirinciple also are constructed 
i the speaking-trumpet and the heanitfr.tvHmpet, which either 

» are, or ought to be, hollow parabolic conoids, having a per- 

I foration at the vertex, to which the mouth is to be applied 
i in speaking, and the ear in hearing. 

VOL. I. T 
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420. But the principal use of this science is^; in 
relation to music, to which it gives a basis on the 
certain principles of mathematiess^ 

Thus, if a musical string, of an^r- length, and a cerfaia 
tenison, produce a certain tone, fialf that Icfngth, with the 
same tenisou, will give the octave, two thirds of it the fiftli, 
and the other notes of the scale in exact proportion. The 
TaryiDg of the sizes of stringt will produce similar effects ; 
or if strings of the same size be extended by different weig^hts, 
the tones will become more acute, in ratio of the square roots 
of the weights, 

421. Sound, in fact, is occasioned by the tfibra- 
tions of bodies, such as masical chords, or pulses of 
air, which produce a certain degree of elasticity ; 
and the perception of sound reaches the minid, 
when these vibrations are transmitted to tbe 
drum of the ear by the undulations of air, or of 
some of the gases. When sounds are consider- t 
ed in relation to their gravity or acuteness, or to I 
the production oi melody ^ or tibat union of melodies 
which constitutes harmony^ the research evidently 
belongs to the science of music. 

All sonorous bodies which vibrate an equal number of 
times io a second, yield tbe same sound. Thus, those^which 
vibrate two hundred and fifty sax times in a secondy^'sound 
the note C in th& middle of tlie musictil scale. If the num- 
ber of vibrations be half the above, or one hundred, and 
twenty-eight, the note is an octave below the former ; if the 
vibrations be double, or five hundred and twelve, tlie note 
will be an Actave higher. A body which gives the gravest 
harmonic sound vibrates twelve times and a half in one se- 
cond, and the shrillest sounding body vibrates fifty-one thou- 
sand one hundred times in a second. Sec our chapter on 
Mnsic. 

422. Many amusing experiments have been made 
in acoustics ; even in the time of Cervantes the 
science of acoustics was studied, as may be judged 
from the exquisite description of Don Antonio's 
oracular head, to which we now give the name of 
the conversing statue. 



The Canvernng Statue. 
The Conversing Statue. 
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423. Place a concave mirror, (made of tin or 
gilt pasteboard, and aboat two feet in diameter,) 
in a perpendicular direction, as A fi in the forego- 
ing figure. At the distance of five or six feet, let 
there be a partition, in which there is an opening 
B F, equal to the size of the mirror ; and in this 
opening let a thin linen cloth, be placed, on which 
a picture is painted. This painting being in water 
colours, the sound will easily pass through. 

Behind tbe partition, at the distance of two or three feet, 
place another mirror G H of the same size as the former ; 
and let both be exactly opposite to each other. At the focns 
C *, of the mirror A B, let tlie ear of the figure of a man seat- 
ed on a pedestal, be placed. The lower, jaw of the figure 
must be made to open by a wire, and shut with a spring ; 
and there mast be another wire connected with the eyes, so 
as to give them motion and expression. These wires are> 
to pass through the figure, under the floor, and be brought 
up behind the partition. 

Let a person, properly instructed, be placed belund the 
partition, on the contrary side to where the statue is placed ; 
and then propose to any person present, to put questions to 
the statue, by putting his mouth to hs ear, and whispering 
softly; assuring the person that it will answer instantly. 
Now give a signal to the confederate behind the partition, 
who, by placing his ear in the focus ly of the mirror 6 H, 



* Tbc foQUs of eaeh mirror is about the distance of from 
fifteen io eighteeii in<;bes. 
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will hear distinctly what the other said; and moving the 
eyes and jaws of the statife by the wires, will return an 
answer directly, which will in like manner be heard dis- 
tinctly by the first speaker. 

The statue may be made of wood, or |)laster of Paris, and 
should be drcst, as in the figure, in a man's habit. The mir- 
rors may be fixed in the vails of a room at a proper distance 
from each other, apd, in order to hide tbeifr frott the view^ 
they may. be covered by % cambric handlMrcMi^ as iSboB iMtk 
coTcring does not in the least Impede the stand. 
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4d4r Alg&bra (Arabic, of mH^evtaib derivation, 
but pmbably from al aoid 5re&er,whteh sonifies the 
reduction afJraction$ to a whoU number) is a pecH- 
liar kind of arithmetic, for the solution of qaestions 
by mea#s »f numerat or liberal eqaations. 

The earliest treatise on algebra, whk^ has ccmie 
doim to the present tkne, is that of Dio{i%anf«is, of 
Alexandria, in Egypt, who flourished in the middle 
of the fourth century after Christ, and wrote a worl^ 
on thk subject in the Greek language, ooasistuig 
origtiMilly of thirteen books, though, unfortunately 
for the interests of science, only the first six are now 
extant. 

Other works oh the subject, of a more easy and 
elementary kind, must, howerer, haw existev long 
before the time of Diophantas, since he no where 
treats of the leading rules, as a writer in the infancy 
of the art would' have done. Whether we are in- 
debted for this admirable invention to the genius of 
the Greeks, as has hitherto been thought, or to that 
^f some other ancient nation, cannot at tiiis distance 
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of time be easily ascertained ; thottgh from the ip- 
formation which for more than a centary past has 
been gradnally obtained throogh .our intercourse 
irith the East, there are strong reasons for believing 
that algebra, as well as our common system of arith- . 
metic, originated among the Hindoos, or natives . 
oflndia, who are known to possess some valuable 
works on tbe subject^ containing rules and principles 
apparently not derived from any foreign source. 

We are in possession of two celebrated works of* 
Indian algebra, called the Beja Ganita and the X«- 
iavatif the first of which treats wholly on algebra, 
. and the latter on arithmetic, algebra, and mensora* 
tion, both written in the Sanscrit dialect and cha- 
racter, abpot the end of the twelfth, or beginning of 
the thirteenth Century of the Christian era. 

But, not to dwell upon this part of the subject^ 
which, it must be confessed, is still attended with 
some obscurity, it is well known that, in whatever 
age or country algebra was first invented, both thf^ 
name and the science was first made known to us^ 
about the end of the eleventh centary, by ti^. Ara- 
bians, or Moors, who were settled in Spain. Al* 
gebra was introduced into Italy by Leonardus Sio- 
nacci, commonly called Leonard of Pisa, an Italian 
merchant, in the beginning of the thirteenth con*, 
tury: after this many manuscript treatises appeared* 
in Italy ; but the first printed works on this subject 
are those of Lucas Pacoiolus, or Lucas de Bnrgosi iur 
the years 1470, 1476, 14B1 , and 1494. 

Hitherto the science bad advanced no farther 
than qaadratic equations ; the passage indeed to the 
higher orders was a matter of considerable difficulty^ 
^r a general method for extracting their roots in 
species has not even yet been accomplished, nor in 
all probability will the value of the unknown quanti« 
ty be ever generaUy expressed according to any 
given degree in algebraic formulae, though those ot 
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numerieal eqnatioiui of ev«ry ordor mnjr now be ae* 
carately found by the prisciplea g^nefftlly ojUMbited. 
Soon after the. ptibtioiitioii of l4fica8 d^ Bargoa, 
Scipio Ferrensy a professor of matb^natics at Bo- 
logna, in Italy, first discoTered, abont Ibe year 
1505, a rule for resolving one of the cases of cubic 
eqaatiODs ; and, abont thirty years afterwards, one 
of his disciples, of the name of Flqrido, to whom 
he had shown bis method, baring proposed several 

5aestioBS depending on this fMrmnla, to Nicholas 
'artalea, by way of challenge, Tartalea not only 
discoTered the mle for resolring them, but also 
those for some other cases. 

Tartalea communicated his discovery to the ce« 
lebrated Cardan, who published, in the year 1539, 
a very complete treatise on arithmetic and algebra, 
in nine books, in the Latin language* at Milan ; 
and in a new edition of the same performance, 
printed in 1645, he g^ve a tenth book, containing 
the whole doetrine H equations, which had beeu 
chiefly revealed to him by Tartalea, under an oath 
of secrecy, aboat the time of the publication of 
the £rst nine books. 

The resolution of certain cases of equations of 
the fourth order very soon followed that of equations 
of the third; a discovery for which we are indebted 
to Loois Ferrari, a young man of great talents, and 
one of the disciples of Cardan. 

After tbe publicati<m of Cardan's work, Tartalea 
ako published a work on itlgebra ; but it contained 
notking remoi^Lable, except his rules for the reso- 
lution of cubic equations. 

About the «ame time that Cardan and Tartalea 
flourished in Italy^ the science of algebra beffan to 
he cultivated in Germany; particularly by otifel, 
who first employed the characters, +, — , v^, fn* 

}>tas, minus, and root, as also the numerical indices, 
or powers as far as regards integral numbers. Ho 
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likewise used the literal notation^ A, $» C> D, tqt . 
different Qnknown quamtities. 

A. few years aft^r the appearapce of these m 
Italy and Germany, Robert Recorde proved by 
hig writings, pubUshed at Cambridge, 1557» that 
algebra was not altogether unknown in England at 
that time. 

Raphael BombelU, of Bologna, who published a 
treatise on this subject in, 1572, not only improved 
the notation, but the scienoe itself. 

A very ingenious treatise was published on arith- 
metio and algebra, in the Flemish dialect, in 1605, 
by Simon Steven, of Bruges, who greatly improved 
the notation of powers first given by Stifel for in- ; 
tegral exponents and extended them also to frac- 
tional exponents. 

But it is chiefly to the celebrated Vieta, whose 
algebraic works were written about the year 1600, 
though not printed till after his death, whicli hap- 
pened in 1603^ that we are indebted for having first, 
generalized the algorithm of the science, and en- 
riched it far beyond what his predecessors had done, 
by many new discoveries. 

We have already mentioned that Stifel first intro- 
duced the capital letteirs for unknown quantities; 
but Vieta employed t^e same letters to denote all 
quantities, whether known or unknowp : he was the 
first that introduced a general method for extracting 
their roots by a process similar to that of extracting 
the roots of pure powers ; his method is commonly 
known by the name of the Numeral Exegesis. 

Next after Vieta may be recorded Albert Girard, 
an iDgeaious mathematician of the Low Countries. 
Aiaon^ the most distinguished analysts of this pe-. 
riod, we may reckon our countryman* the celebrated 
Harriot^ who, in his Artis Analyiiccd Praxis, pub- 
lished by his friepd Walter Warner, first introduced 
the use of the small letters, a, &, c, &c. of the alpha- 
bet, using the coasonuants for kn^wn^ and tha vowels 
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for unknown quantities. He I{kewi«e farther shewed 
how the higher orders of equations may be produced 
by the continned multiplication of those of the first. 

William Oughtred, another English mathemati- 
cian, and contemporary with Harriot, also published, 
in the year tOSi^ a wort on this subject, intitled 
Clavis Oeometrica. 

But no work, perhaps, has contributed more to 
the general advancement of this sci^ace than the 
geometry of Descartes. The celebrated Format was 
contempory with Descartes, a\id a competitor ^it^ 
him for some of his brightest discoveries ; particu* 
larly the application of algebra to the doctrines of 
curves; and the method oi resolving those problems 
known by the name of Maximis et Minimis. 

Demoivre gave various papers in the Philosophy 
' cal Transactions^ containing a number of useftil 
improvements and discoveries in algebra. 

The inventions of Newton in the binomial theo* 
rem^ in a general method of extracting the roots of 
equations, by approximation, in the reversion of 
series, &c. extended the science far beyond its- 
former boundaries 

We must not forget to mention that the labours of 
Halley, Raphson, Gregory, and Brook Taylor, who 
have also greatly contributed to its advancement. 

The theory of series, in all its branches, has been 
cultivated with great success during the last two 
centuries, by John and James Bernoulli, Taylor^ 
Qemoivre, riTicole, Stirling, Euler, Lorgna, Simp- 
son, Landen, Waring, and others, whose researches 
have greatly extended and improved this branch of 
analysis ; but it was chiefly under the hands of Da- 
niel Bernoulli and Euler that this doctrine was aug- 
mented and generalized. 

Of late, Legendre has published a work of great 
ingenuity and research on the theory of numbers, 
containing a method of approximating towards the 
ro^ots of equations by continued fractions. 






We am like^iM indebted to Arbwait for a verry 
profound analytical work, intitled, Su Cidcul d^9 
JiefwationSf poblished in 1804 ; as also to Bezont 
and otbers. 

To these we hare likewise fartiier to add the two 
cetebrated works of Lagrange, iBtitled, Thioriides 
Fonctions Analytiques, and Le^ns sur h Calcul 
dm Fonctions ; as «^o his treatise, De la Resolution 
dsB Bqwcstums Nurnhnquss, 

It onl V remains tiiat we sfadald mention some of the 
moBtasefnl elementary works for the use of beginners^ 
which are those of Clairaat, Lacroix, MadauriB, 
Simpson, Emerson, Wood, BonnycastIe> and Ni- 
cholson. 

Arithtmtic. 

4S5. Arithmetic lieajches the method of computing 
numbers, and explains their natarc and peculiarities* 
The four first fundameiital principtes» viz. addition, 
subtraction, muitipiication^ and division have alwaysi^ 
in a certain dc^ree^ been practised by different na* 

ti(H)S« 

Nmibers^ as a science, must» in a great mear 
sure> have depended on the advancement o{ com- 
merce^ because arithmetical calculations^ becoming 
then, more necesstu'y, would receive a greater de* 
gfi^ of attention. Thus arithmetic is, with great . 
probability, supposed to have been of Tyrian or, 
Phoenician invention. From Asia it is said to baVf 
passed into 3E^ypt» From £gypt| arithmetic was 
transmitted to the (greeks; thence^ with its .im- 
provem^ntS) it (proceeded to the Romans^ and frooai 
the Romans it Ims been dispersed over the modern 
nations of the world. The symbols or characters ;ol, 
numbers, and the scale of numerical calculatioAs 
have been considerably diversified in different ages* 
The Hebrews apd Greeks, and after them the Bto- 
mMs, had recourse to the letters of their alpba)>et- 
for the representation of numbers^ llie Mexicaas 
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adopted circles for cyphers^ and the ancient 
vians coloured knotted cords, called quipos. The 
Indians, are, at this time, very expert in compnt* 
ing by means of their fingers ; and the modern na- 
tives of Peru are said by the different arrangements 
of their grains of maize, to surpass Europeans, 
aided by all their rules. 

The Arabian or Indian notation, which is now 
universally practised, was originally derived from 
the Indians and was, in the tenth century, brought 
by the Moors or Saracens from Arabia into Spain* 
Its improvements principally consist in its brevity 
and precision ; instead of employing twenty-four . 
characters, only nine digits and a cypher are wanted. 
The symbols also are mdre simple, more appro- 
priate, and determined ; and therefore the 
powers of them are less liable to inaccuracy 
or confusion. With the symbols too, the scale of 
numerical calculations has been varied « The first 
improvement was the introduction of reckoning by 
tens, which, no doubt, took its rise from the obvious 
mode of counting by the fingers, as that was cus- 
tomary in the primary calculation of every nation, 
except the Chinese 

The Greeks had two methods of marking the 
advance of numbers ; one on the plan which was 
afterwards adopted by the Romans, and which is still 
used to distinguish the chapters and sections of 
books ; and in the other, the nrst nine letters of the 
alphabet represented the first numbers from I to 9, 
the next nine so many tens, from 10 to 90. The 
number of hundreds was expressed by other lett«^ 
supplying what was wanting either by other marks 
or characters, or by repeating the letters with dif- 
ferent signs in order to describe thousands, tens of 
thousands, &c. 

About the year of Christ 200, a, new kind of 
arithmetic, called sexagesimid, was invented by 
Ptolemy. Every unit wi|s supposed to be divided 
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into 60 parts, and ^oh of these into 60 others, &c. 
Thus from 1 to 59 were marked in the common 
way : then 60 was called a sexagesima, or first sex- 
agesimal integer, and had one single dash over it» 
as 1' ; 60 times 60 was called * sexagesima secunda/ 
and marked 1", &c. These methods of calculation 
are continued by astronomers, in the subdivisions of 
the degrees of circles. The decuple^ or Arabian 
scale, substitutes decimal instead of sexagesimal pro- 
gression, and by this single process removes the 
difficulties and embarrassments of the preceding 
modes. Thus the signs of numbers, from I to 9, 
are Considered as simple characters^ denoting the 
simple nambers subjoined to the character ; tlie « 
cypher, 0, by filling the blanks, denotes the want 
, of a number, or unit, in that place ; and the addi* 
- tion of the colamns in a ten-fold ratio, always ex- 
pressing ten times ihe former, leads from tens, ac- 
cording to the order in which they stand, in a me- 

• thod at once most luminous and certain. 

For decimal parts we are indebted to Regio- 
montanusy who, about the year 1464, published his 
book of ' Triangular Canons.* Dr« Wallis invented 
the use of circulating decimals, and the arithmetic 
of infinites; bat the last, and wilh regard to exten- 
sive application, the greatest improvement which 
the art of computation ever received, was from the 
invention of logarithms, the honour of which is dde 

• to John Napier, baron ofMerchiston, in Scotland, 
who published his discovery about the beginning of 

■y the seventeenth centary. Mr. Henry Briggs fol- 
lowed Baron Napier on the same subjects Arith- 
metic may now be considered as having advanced 
to a degree of perfection which, in former times, 
could scarcely have been conceived, and to be one 
of those few sciences which have left little room for 
farther improvement. 
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Geometry. 

' 426. Geometry treats of liiies^ sarfaces, and €tolidS| 
end is the doctrine of extension and magnitude in 
general* Hence a line, an angle, a circle, and, in 
short, figures of every size or sbap6, come under 
the subject of geometry. What has length and 
breadth only, is termed a superficies, such as the 
admeasurement of a board, a table, a field, or a 
country^ to determine its contents, in feet, yards, 
acres, &c. What has length, breadth, and tbickaeM, 
is termed a solid ; and of whatever size or figure it 
may be, whether a log of wood, a pyramic); or a 
globe. Geometry is able to ascertain its num)[>6r of 
cubic inches, yards, or mUes. Geometry, or the 
art of measuring, like all other useful inveutions, 
appears to have been the ofispring of want imd ne- 
cessity ; and to have had its origin in those remote 
ages of antiquity, which are far beyond the reacli of 
credible and authentic history. 

The use of geometry in most of the different 
branches of the mathematics is so general and ex ! 
tensive, that it may be justly considered as the parent 
of all the rest, and the source whence are derived 
the various properties and principles to which they 
owe their existence. Artificers of almost all deno- 
minations, are indebted to this invention for the 
establishment of their several occupations, and the 
perfection and value of their workmanship. With- 
out its assistance all the great and noble works of 
Art would have been imperfect and useless. Plato 
testified his conviction of the importance of geome- 
i ^9 ^7 pla<^ii?g over the door of his academy, an 
inscription to this effect^ '* Let no' one ignorant of 
geometry enter here." 

END OF VOL I. 
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